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PART [[.—TECHNICAL ADVANCES IN THE INDUSTRY.

By TuOoMAS COMMERFORD MarmiN, Ezpert Special Agent.

GENERAL FIGURES.

The general and detailed figures of the report show
a remarkable technical advance in the industry,
broadly considered, and when examined closely reveal
many interesting changes of condition since the re-
port for 1907. The small increase in the number of
operating and lessor companies compares strikingly,
for example, with the high percentages of gain in
plant equipment, the use of electrical energy, the
number of passengers carried, the use of water
power, and the employment of electric locomotives in
street railway service. Here is evidence of the natural
tendency toward the grouping of properties into one
tunified system, just as the New York Central Railroad
grew out of a number of lines, between New York and
Chicago, at the terminal of each of which the unfortu-
nate “through’ passenger had to transfer, with great
inconvenience and loss of time. Another aspect of the
data is the growth in size of all the units, The miles
of line and of single track increased, respectively, 82.9
per cent and 81.9 per cent in the 10-year period, but
the number of cars was only 94,016 in 1912, as com-
pared with 83,641 in 1907 and 66,784 in 1902—an
increase of 40.8 per cent for the decade. Relatively,
passenger cars increased even less than that—from
60,290 in 1902 to 76,162 in 1912, or 26.3 per cent—but
the mere statistics are utterly misleading when one
compares the small cars of 1902 with the ponderous
and capacious cars of 1912 and of later date, many of
them double-deckers, referred to later in this chapter.
The increase in passengers carried is also much
greater than that in car mileage, a fact due both to the
higher density of travel within cities and to the falling
off in new construction not only within city limits but
also in suburban and rural territory, where the trolley is
more or less of a competitor with steam railroads.
Both contestants for transportation patronage in the
five years seem to have suffered in some way from
difficulty in raising new capital, smaller income from
larger travel, and lack of the rapid expansion associated
with earlier periods. And yet it is obvious to anyone
familiar with the conditions that, alike in the city and
in the country, the opportunity and necessity for
greater transportation facilities have never been more
pronounced than in the latter half of the decade end-

ing with 1912 and at the present time. Due to this
madequacy of service, created apparently by discour-
agement of enterprise, there have resulted a loss of time,
a lower land value of suburbs, a lesser tax assessment,
and a greater congestion of population paying higher
rent for less desirable homes, which if totalized and
capitalized would represent a far greater sum than
would have been necessary to create these facilities
and pay a fair return. Such problems are somewhat
aside from the technical ones here discussed, but no
one can question their intimate relationship and in-
teraction with the technique of the industry.

POWER-PLANT ENGINEERING.

Conditions described and discussed in the report for
1907 have not changed in any radical degree as to
power-plant engineering except in the significant ex-
tent to which street-railway systems have ceased in a
great many instances to manufacture their own elec-
trical energy and have found it more economical and
equally reliable to buy power from the local central
station systems. There have, however, been several
notable new plants, both. steam and hydroelectric, in-
stalled during the period for the express purpose of fur-
nishing power for electric transportation. These newer
plants mark the passing away of the old * double-deck’’
plants so familiar in the preceding regime, when the
steam engines or steam turbines were set directly
over the boilers, a type of design which, from the
standpoint of steam economy, is as nearly as possible
theoretically correct. Another feature of the newer
plants is the introduction of units whose size far out-
runs anything utilized in the past.

South Boston power plant.—The South Boston Sta-
tion of the Boston (Mass.) Elevated Railway is a fine
example of a plant designed for efficient operation with
fluctuating loads. It is part of the general scheme
of improvement which has been under way for some
years. Ultimately it is to be of 125,000-kilowatt ca-
pacity, but at present an output of only 30,000 kilo-
watts is being produced with two units. The tubu-
lar boilers, now sixteen in number, are rated at 600
horsepower on the usual basis of 10 square feet of heat-
ing surface per boiler horsepower. The turbine room

1 Electric Railway Journal, Prof. H. H. Norris, Jan. 4, 1913.
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is nearly 500 feet long and about 80 feet wide, and
the boiler room is of the same length and only slightly
wider. This is a remarkable fact in view of the ten-
dency which has been evident for some time to con-
sider the turbine room, so far as space is concerned, a
" mere annex to the boiler room. The liberal space
allowed in the turbine room in this and other recent
plants is partly to accommodate the enormous con-
densers; partly to provide room for as many auxiliaries
on the main floor as possible, and to house the increas-
ingly elaborate and bulky electrical switching and
transforming apparatus; and partly to give ample
space in which the turbines and generators may be
taken apart for inspection and repair. In the Boston
plant provision is made for taking care of variable loads
by means of forced draft controlled by pressure regu-
lators. These regulators, operated by variation in
steam pressure, adjust automatically the speed of
stoker engines as well as fan engines to suit the load
requirements. The forced draft is necessarily accom-
panied by liberal combustion chamber space in the
boilers, the tubes of which are set high, giving the fuel
oportunity to burn before the gases are chilled by the
tubes. The stokers, of the seven-retort type, are
designed to carry several times the rated boiler load,
and the fans are of similar overload capacity, so that
the boilers can be forced to generate steam at a rate
far greater than their nominal capacity. In fact,
the present installation of 9,600 boiler horsepower is
counted upon to supply steam for turbo-generators of
45,000-kilowatt (equivalent to about 60,000 horse-
power) capacity. As a few boilers will usually be out
of commission for cleaning or repairs, the remaining
ones must evidently be ready for strenuous duty.

Such forcing for peak loads is now recommended
practice for railway plants and in no way injures the
boilers. At the same time the necessary investment
is kept down. At Boston the result is evident in the
small relative size of the boiler room, which is arranged
with the firing aisle parallel to the turbine room. This
plan has the advantage of convenience in handling and
in inspection. The steam header, of 14-inch pipe, is
placed in the boiler room 2 feet above the floor near
the turbine-room partition and on about the same
level as the turbine valves. A high-arch connection
is made to each turbine, and excellent flexibility is thus
assured. Steam-flow meters are connected in the
boiler leads. The utility of such meters in assisting

 the firemen to keep each boiler steaming properly is
recognized, and if the experience of such companies
as have been using steam meters establishes the rug-
gedness of the device, a wide field of usefulness is open
before them.

The electric generators are wound for the moderate
voltage of 6,600, and this is doubled by means of auto-
transformers or compensators, which serve also as
reactance coils fto limit short-circuit currents. 'The
generators are ventilated in a somewhat novel manner,

the air being drawn in through large ducts terminating
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above the boiler room and downward through the
generator by the usual internal fans. The air, thus
drawn from a considerable elevation, is cool and free
from dust.

Indianapolis power plant.—The new plant of the
Terre Haute, Indianapolis & Eastern Traction Co, is a
good example of up-to-date practice. Ithas two units
installed in 1912-13, out of an ultimate capacity four
times as great. The boilers, of which 60 will ulti-
mately be required, are divided into three sections,
with the firing aisles perpendicular to the turbine
room, somewhat on the order of the familiar unit
system. Twelve boilers of 520 horsepower each are
installed to provide steam for two 6,000-kilowatt
horizontal steam turbines. The ultimate boiler ca-
pacity of 31,200 horsepower will supply 48,000 kilo-
watts of rated turbine capacity. While this boiler
allowance appears high, it includes provision for the

-very large overload rating of the turbines, which are

expected to be able to deliver a maximum output of
80,000 kilowatts. The boiler tubes are set 10} feet

above the boiler-room floor, illustrating again the
tendency toward liberal combustion space. The boil-
ers are equipped with stokers and differential draft
gauges. The absence of the usual coal and ash con-
veyors is noticeable in the Indianapolis plant, the work
being accomplished by an industrial railway system.
A narrow-gauge track is located over the coal bunkers
and under the ash hoppers, and the cars which run
upon this track are hoisted by means of two electric
elevators.

Tach of the horizontal turbo-alternator units of
6,000-kilowatt capacity discharges its steam into a
surface condenser hung from the bottom of the turbine
frame. The basement floor is thus kept clear for the
accommodation of auxiliaries. The steam piping is of
open-hearth steel, and the fittings are of cast steel,
which is approved practice in plants using superheated
steam. The header is located in the basement about
10 feet below the boiler-room floor, and the steam pipes
to the turbines are brought up from below without
conspicuous arches in the turbine room.

The Indianapolis station is conspicuous for the neat
appearance of the turbine room. The enameled brick
walls with simple ornamentation assist the manage-
ment in instilling into the operatives a sense of
pride in keeping the machinery in good order. The
glass-inclosed operating gallery is free from the noise
of the turbine room, insuring strict attention to switch-
ing and to the indications of the instruments. The
simplicity of the turbine room is enhanced by the par-
titioning off of the space occupied by all the switch
gear, which is located on several galleries, one over the
other, closely adjacent to the turbine room but invisi-
ble from it.

Washington, D. C., plant—An interesting plant
which shows at a glance the progress made in steam-
turbine development is that of the Capital Traction
Co. of Washington, D. C., at Georgetown, with two
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1,500-kilowatt, one 3,000-kilowatt, and one 5,000-kilo-
watt horizontal turbines.” Although the smaller ma-
chines have been in use but a few years, such has been
the progress in design that the 5,000-kilowatt turbine
is not noticeably larger than the 3,000-kilowatt ma-
chine, or even the still smaller ones. The same condi-
tion has been shown in other plants using vertical
turbines, where units of 20,000-kilowatt capacity now
occupy little more floor space, except for the con-
densers, than did the 5,000-kilowatt machines of 10
yoars ago. The Georgetown plant is the result of the
rapid outgrowing of former stations, and much of its
equipment has been moved from them. This has,
however, been so skillfully incorporated with the new
apparatus that there is no evidence of patchwork.
On account of the gradual development of this plant
& considerable variety of condensing equipment is
found init. The smallest turbines have jet condensers
maintaining a 28-inch vacuum. A surface condenser
~on the 3,000-kilowatt unit holds a 29-inch vacuum,
which is about the same as in the condenser of another
type on the 5,000-kilowatt unit. The air and circu-
lating pumps for the condensers are of the centrifugal
tiype, but the boiler-feed pumps are reciprocating.

In the design of the building the architect has been
very successful in producing a structure which, while
it looks like a power station, would be an ornament
anywhere but in a residential neighborhood. Much
more attention is being given to the architecture of
power plants than formerly, and it is fitting that in a
vicinity containing so many handsome structures the
railway power plant should be in keeping with its
surroundings.

Loutsville, Ky., generating plant.—A modern gen-

erating station, with an initial capacity of 12,000
kilowatts, which may be taken as one example of
modern work, has been put in operation by the Louis-
ville Traction Co., owner of the Louisville Railway and
the Louisville & Interurban Railroad companies. This
new station feeds the underground and overhead trans-
mission system at 13,200 volts, 25 cycles, 3-phase, to
two city substations, and to an old generating station
which has been tied in with the new station, and in
turn feeds six substations on the seven interurban lines
radiating from Louisville. The unit system of design
was followed in the construction of this new station,
which will have an ultimate capacity of 48,000 kilo-
watts. The Louisville Railway and the Louisville &
Interurban Railroad companies operate 165 miles. of
city track and 96 miles of interurban track, respec-
tively. Prior to the completion of the new plant this
system was supplied with electrical energy from the old
plant situated on Beargrass Creek in the southeastern
part of Louisville. This generating plant contained one
3,500-kilowatt and one 3,000-kilowatt steam turbine
and two 1,650-kilowatt reciprocating vertical-engine-
type units, all generating alternating current at 13,200
volts, 25 cycles, 3-phase. In addition to these, the old

plant was equipped with two 1,650-kilowatt and three
500-kilowatt, 550-volt, direct-current generators,
making a total of 14,600 kilowatts, alternating cur-
rent and direct current, installed in connection with
one 3,000-ampere-hour storage battery which was
used as a reserve during peak-load periods.

Beargrass Creek, on which the old plant was situated
and from which circulating water was obtained, re-
ceived the discharge from a number of sewers. This

.did not materially impair the value of the water for

use in the condensers, but a few years ago the city of
Louisville constructed sewers parallel to the creek, and
this resulted in reducing the flow of water to an almost
negligible quantity. It thus became necessary for the
railway company to seek a new supply of condensing
water or a new site for a power station. It put off the
day when it would be necessary to build a new plant
and sunk artesian wells and installed a spray cooling
system to furnish condensing water. These meth-
ods, with the limited amount of water supplied and
the amount of pumping necessary, were costly and
materially reduced the efficiency of the plant. To
eliminate these difficulties and at the same time take
advantage of modern generating efficiencies, it was
decided to build a new station at a more advantageous
location and especially where plehty, of water was
available.

In the meantime other difficulties arose which also
tended to give impetus to the building of a new gen-
erating station. The average daily output in the
existing plant increased from 35,000 kilowatt hours in
1900 to practically 150,000 kilowatt hours at the close
of 1912. At the same time the maximum hourly load
demand rose from 3,000 kilowatts in 1900 to 15,000
kilowatts in 1912. This rapid rise in the output was

due to various causes, namely, increased car-mileage,

track-mileage, car sizes, and car equipment. During
1902 the generating station output was 1.5 kilowatt
hours per car-mile; in 1905 this had increased to 2.5
kilowatt hours, and in 1912 to approximately 3.9 kilo-
watt hours, per car-mile.

The factors entering into the location of the new
plant were (1) ample condensing water supply, (2) ready
access to steam railroad tracks for coal, and (3) cheap’
real estate for coal storage. To obtain these necessary
requirements a site for the new plant was selected on
the Ohio River. At a point in the river opposite
Louisville the Federal Government has built a remov-
able dam to limit the low-water stage in the Louisville
Harbor. Rapids in the river opposite the city have
also made necessarylocks for transporting boats around
the falls during low-river stages. Accordingly, prop-
erty for the plant was purchased above the locks at a
point where a definite minimum stage of the river could
be obtained.

The new plant site fronts 1,358 feet on the Ken-
tucky & Indiana Terminal Railroad Co.’s right of way,
which adjoins the Louisville and Portland Canal. 'The
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transportation facilities offered at this location are es-
pecially desirable, because this railroad forms a part of
a double-track belt line around about half the city and
connects with all the steam roads entering Louisville.
In addition, the general level of the plant property is
approximately 5 feet above the maximum high-water
stage of the river. The site is underlaid with bedrock
at a depth of about 36 feet.

Switches at each end of the plant property connect
with a long sidetrack paralleling the steam road’s right
of way. A lead from one end of this sidetrack in turn
divides into five tracks, two of which lead over the
coal hopper beside the boiler house, one into the boiler
house, and one into the generating room under the
crane. The space remaining between these four tracks
furnishes sufficient area to store two or three months’
coal supply in the open. This space has been graded,
so that all surface water drains off readily. Approx-
imately 30 cars of coal will be required every 24 hours
for the completed station, and the yard layoubt of
4,000 feet of track provides for two days’ supply of
coal on cars at all times, with extra space for one day’s
empties.

The first section of the generating station includes a
boiler room, 100 feet by 180 feet in plan, built with its
long axis at right” angles to that of the turbine room,
which is 80 feet by 175 feet. This boiler room houses
the initial equipment of eight 507-horsepower boilers,
with spare space for a duplicate battery under the
same roof. The turbine room was also designed large
enough not only to house the initial installation of
two 6,000-kilowatt steam turbines, but to provide
space for the foundations of two additional units.
The buildings are constructed of plain and reinforced
concrete, brick and steel, and are thoroughly fire-
proof structures. They rest either on concrete cais-
sons taken down to rock or on concrete mats resting
on concrete piling driven to bedrock or to refusal.
Ample provision is made for natural illumination and
ventilation in the turbine and boiler rooms by large
window-glass areas with steel sash. In addition, a
double monitor skylight surmounts the firing aisle of
the boiler room and the long axis of the turbine room.

For serving the initial installation of eight 507-
horsepower water-tube boilers, a 13-foot by 255-foot
dark red radial brick stack was erected on a concrete
foundation resting on bedrock. This stack provides
1 squarefoot of cross-section for each 36.25 horsepower.
The present boiler equipment generates steam at 200
pounds’ pressure per square inch and 125° Fahrenheit
superheat. Fach unit is equipped with a chain-grate
stoker having a grate 9 feet 6 inches wide by 12 feet
3 inches long. 'This size of grate was particularly de-
signed to produce economical results with the Ken-
tucky pea and slack coal used.

The stack rises to an elevation 253 feet above the
grate level, and with six of the boilers in service the
draft at the base of the stack has averaged 1.2 inches
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of water. Tests made over the front of the grates, the
main breechings and the boiler dampers being open,
showed pressure of 0.45 inch of water, while the draft
at the last boiler pass measured 1 inch of water. A
preliminary test of station efficiency during the sec-
ond month’s operation, before the steam piping was
completely covered and while some steam was being
used for drying-out and testing purposes, gave a coal
consumption of 2.975 pounds per kilowatt hour, with
12.5 per cent ash. The coal used was western Ken-
tucky pea and slack, containing approximately 12,000
heat units per pound when dry.

From the receiving track hoppers, 2-ton hand push
cars convey the coal to the structural-steel bunkers
over the boiler room by way of duplicate electric ele-
vators. An industrial railway leads from the elevator
shaft over the battery of bunkers, so that these cars
may be pushed by hand and dumped at any point
desired. The two platform elevators are of 6,000
pounds’ capacity. They were designed to operate ab
100 feet per minute, one being driven by a 550-volt,
30-horsepower, direct-current motor and the other by
a 440-volt, 30-horsepower, 3-phase, alternating-current
motor. :

Each battery of two boilers is equipped with a coal
bin holding 225 tons, which represents four and cne-
half days’ fuel supply for ordinary operation. This
large coal-bin capacity was deemed necessary s a
precaution against shortage during extreme high-
water periods when the tracks of the steam railroad
might be inundated.

The ashes drop from the chain grates into two steel
ash hoppers lined with fire brick and are dumped into
push cars on an industrial railway. Siftings from the
grates are dumped into the cars and returned to the
coal bunkers. The small cars loaded with ashes are
elovated to a steel ash hopper lined with fire brick,
which is installed over the coal-unloading hoppers.
By this arrangement, after the coal has been unloaded
into the track hoppers the cars may again be loaded
with ashes from the hoppers overhead.

The steam-pipe layout includes one steam header
installed over the front of the boilers and at right
angles to the turbine room. This header varies in
size from 12 inches to 16 inches and is connected to a
crossheader in the boiler room running parallel to the
turbine room. Out of this crossheader steam is taken
to the turbines by way of 12-inch long-radius bends.
Two 10-inch long-radius bends take the steam to an
auxiliary header in the basement of the turbine room,
which in turn feeds all station auxiliaries. When the
second row of boilers is installed a ring system of steam
piping is contemplated which will encircle the boiler
room so that any battery or any steam bend may be cut
out of service for repairs without disturbing the other
steam units.

Circulating water for the plant is taken from the
canal through eight 4-foot 8-inch by 8-foot openings,
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the bottoms of which are approximately 50 feet below
the generator-room floor, or 12 feet below normal
water level in the canal. The tops of these intake
openings are approximately 4 feet below normal water
level, which, it is hoped, will prevent to a certain extent
the clogging of the intake screens by floating trash.
Just inside the intake openings in the canal walls there
are cast-iron racks set at 20 degrees from the vertical
and composed of 4-inch by 1%-inch bars with 2-inch
openings between them for screening off logs and large
trash. Manholes are provided over each of these racks
in the intake structure, so that any trash collected may
be hauled out with a long-handled fork.

A duplicate set of screens is installed in & screen
house on the railway company’s property, approxi-
mately 90 feet from the intake. At the screen house,
which measures 18 feet 6 inches by 30 feet 4 inches in
plan, the intakes flare to provide supports for stop
planks and a double row of movable vertical screens.
The latter have been installed with four double screens
in each of the four channels. Thesizes of the openings
for both intake and discharge were figured for a flow of
160,000 gallons per minute, or 20,000 gallons per
minute for each of the eight units in the initial station
installation. At this rate of flow, the openings pro-
duce a discharge speed of only 1.19 feet per second,
such & reduction having been necessary in order not
to interfere with small boats passing in the canal.

Two 30-inch cast-iron pipes are laid over the outside
walls of each intake conduit. These pipes are con-
tinuous from taps in the discharge-water conduit to
the inlet at the canal end of the intake and were pro-
vided to protect the intakes from clogging with needle
ice. Valves installed in these cast-iron connections
may be opened and hot water discharged into the
canal at the mouth of the intakes. As the hot water
is taken from the discharge conduit, the only expense
involved is that of maintaining the pipe line from the
turbine room to the intake structure at the canal.

The turbine room and its basement for the auxilia~
ries measure 174 feet long by 61 feet 6.5 inches wide,
with four galleries on one side, 21 feet 10.5 inches in
width. The turbine room is served by a 50-ton crane.
Each turbine foundation consists of two parallel walls
resting on bedrock and extending to within 18 inches
of the main turbine-floor level. These walls are so
placed and spaced that the surface condensers may be
dropped in place under the turbines by the overhead
crane. The turbine proper rests on an I-beam grillage,
supported in turn on the two concrete foundation
walls. Special attention was given to the design and
installation: of these turbine concrete foundations, in
view of the fact that their bases are below water level
in the river.

The circulating pumps are installed 45 feet below
maximum high water and only 1 foot above the low-
water stage of the Ohio River. This has made it neces-
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sary to seal all pipes into the concrete conduit to pre-
vent flooding during high water, when all the water-
ways inside the building are under very great pressure.

Each of the 6,000-kilowatt horizontal steam turbo-
generators is equipped with a 20,000-square-foot sur-
face condenser. Circulating water is supplied to each
condenser by a 26-inch tri-rotor centrifugal pump,
driven by a steam turbine. Kach has an emergency
30-inch pipe connection to the circulating pump of the
other turbine. The units are arranged in pairs with
condensing auxiliaries in a pit between the two foun-
dations. Thus the first two units are spaced 45 feet
apart and the second and third units are 30 feet apart.
In this way one operator can care for the auxiliaries
of two units. This arrangement also permits sets to
be cross connected more readily and economically.
The dry-vacuum pumps, the main circulating pumps,
and the hot-well pumps are connected and arranged
so that either generating unit may be used with either
of the auxiliaries. A 4-inch, two-stage hot-well pump
driven by a 27-horsepower steam turbine completes
the steam-turbine equipment.

The turbo-generators deliver 13,000-volt, 25-cycle,
3-phase energy, which is transmitted over the feeder
lines at this same bus pressure. Regulators control
the voltage of the main alternators, the excitation
energy for which is supplied by a 30-kilowatt motor-
driven direct-current set and by one 100-kilowatt and
one 150-kilowatt steam-turbine-driven exciter set.

The first 2,000-kilowatt rotary converter has been
installed on one of the foundations provided for it
beside the auxiliary pit, and feeds the trolley sections
in the vicinity of the new generating station. This
substation equipment is tied in with the two city sub-
stations by way of a 600-volt direct-current trunk line.
This installation required three 750-kilowatt, single-
phase, oil-cooled, step-down transformers rated at
13,200/440 volts.

A four-level gallery adjoins one side of the turbine
room. On the lowest level, which is below the
turbine-room floor, the conduit carrying the under-
ground transmission cables is brought in from the
street. TFrom the conduit the cables radiate through
the necessary cable-end bells, supported from a central
concrete wall which also carries the transformer com-
partment. This compartment extends the full length
of the turbine room and is completely separated from
the basement under the turbine-room floor by a 13-
inch brick curtain wall. All openings between this
gallery and the turbine room are fitted with doors, so
that the space may be entirely closed and used as an
air chamber to supply air to the turbines. An air
intake is provided outside of the station at one end of
this lower gallery, and air is taken into this chamber
by way of louvered openings. After the air passes
through the intake into this lower gallery it is screened
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through one-fourth-inch mesh copper screens covered
with cheesecloth and set at 30° to the direction of the
air current.

A machine shop is situated on the main-floor gallery
along with the tool room and store rooms and the oil
switches controlling the high-tension generator and
feeder circuits. These 13,200-volt switches are in-
stalled in the conerete switch and bus structure, which
is built in two parallel sections. At the present time
these two sections are divided at their mid-point, so
that there are four sections of the high-tension bus.
The bus and feeder arrangement is such that each sec-
tion of the bus connects one generator and four feeder
switches. Each generator has two oil switches in
series, while each feeder is provided with a single oil
switch. Disconnecting switches are provided in each
phase and on both sides of each oil switch so any one
may be cut out of service for repairs or cleaning.

The complete high-tension bus structure was built
for 4 generating units and 16 feeders. The structure
itself has been erected for the complete station, All
generator switches are nonautomatic, and the feeder
oil switches and junection bus section switches are auto-
matic and provided with inverse time-limit relays.

Large turbo-generator units.—The turbines for the
Interborough Rapid Transit Co. of New York, exem-
plifying some of the latest advances in steam use for
electrical ebergy generation, are unusual, not only for
their size but also because of the fact that each set is
made up of two units, one operating with high-pressure
steam at 1,500 revolutiorns per minute and the other
receiving the exhaust from the former and running at
750 revolutions per minute. Kach set has a combined
capacity of 30,000 kilowatts, but owing to the enor-
mous amounts of power required by the whole system
the new units can be operated at the most economical
load during the major part of the time, and therefore
they were designed to give the very highest obtainable
efficiency, nearly regardless of their cost—the only
essential superior to this desideratum being reliability
in operation.

Turbines of 30,000-kilowatt capacity may be de-
signed in single units, operating at 750 revolutions per
minute. Such machines would be relatively economi-
cal and would probably show a steam-consumption
performance higher than has hitherto been obtained.
The turbine cylinder structure, however, on account
of the slow rotative speed, would be relatively large,
and this, together with the temperature differences
existing within the one structure, would involve in a
machine of such large capacity an engineering problem
of some magnitude. Similarly, both steam turbine
and generator of this capacity might be designed and
constructed to operate at 1,500 revolutions per minute.
In this case the structure would be less gigantic, but in
order to avoid congestion of the steam in the low-
pressure portions of the turbine, and to permit it to
expand efficiently down to the very low limits of con-
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_denser pressure, 29-inch vacuum in this instance, blade

spéeds rather beyond what has hitherto been considered
the limit of good practice would beinvolved. Either of
these would be a combination type machme, compris-
ing an impulse element for the first expansion, f8llowed
by an appropriate number of reaction elements for the
low-pressure stages, the latter beln0‘ arranged for
double flow.

The highest degree of economy, however, is not to ba
obtained with an impulse element, as compared with a
reaction element, provided the steam volumes, speed,
etc., are appropriate for the design of the reaction
turbine; but in any reaction turbine designed for high-
expansion ratios the problem of having to deal with
relatively minute volumes of steam at the high-
pressure end and enormous volumes at the low-pressure
end is serious, the increase of volume being roughly on
the order of a geometric progression. It is evident
that if the high~pressure portions of a turbine may be
operated at twice the rotative speed of the low-pressure
portions, this problem is largely eliminated, and the
capacities and speeds in this particular application,
where the high pressure is a single-flow turbine,
operating at 1,500 revolutions per minute, and the
low pressure is a double-flow turbine, operating at 750
revolutions per minute, point to the possibility of
designing plain reaction machines which will have an

cefficiency beyond anything yet constructed. The

blade speeds involved are low, and either turbine
element is of exceedingly simple mechanical construc-
tion, involving mno mnew engineering problems and
thoroughly fulfilling the first desideratum of absolute
reliability.

The scheme of employing two turbine elements
having the steam pass serially through them is not new.
A number of such units of from 1,000-kilowatt to 2,000~
kilowatt capacity were built in 1901. This construc-
tion has again come to the front in the case of the
English-built turbines for the Commonwealth Edison
Co. of Chicago. It is new, however, to employ high-
pressure and low-pressure elements driving separate
generators, each at a different synchronous speed.

There are other advantages in dividing large turbines
into two separate elements besides those due to em-
ploying different speeds. The temperature range in
either element is reduced. A sufficient number of
stages may be introduced to give the very highest
efficiency without any mechanical difficulties, such as
increased length between bearings, etc. Some little
advantage is to be gained by separating between
the two turbine elements the water which has been
precipitated in the steam expansion. KEither element
is more reliable and simple, because of its smaller
size. There is some slight loss of efficiency due to
the employment of two generators instead of one of
twice the capacity, but this is more than overbalanced

by the gain in economy due to the operation of
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the two turbine elements at different speeds. It is
guaranteed that each set will deliver energy at the
termipals of the generator equivalent to 75% per cent of
that available in the steam.

Interurban, light and railway plant.—A tendency
toward the occupancy of a broader field of service has
been shown among interurban electric railways. The
Cleveland, Painesville & Rastern Railroad, for ex-
ample, has adopted the policy of entering the lighting
field in the towns traversed by its lines, as the company
believes that the benefits gained by the recent con-
solidation of its plants in the railway field may be ex-
tended to the other branches of public service. The
town of Willoughby, Ohio, where the company’s head-
quarters are located, has a municipally owned plant
and current is bought by it from the railway company
at the switchboard. Power in large quantities, how-
ever, is sold directly to users by the railway company.
From Willoughby, lighting lines are extended to Wick-
liffe on the west and Mentor on the east. From a
substation in Painesville are fed the towns of Perry,
Richmond, and Fairport, and the Geneva substation
supplies Madison, Unionville, and Saybrook, the aver-
age run being about 8 miles on each side of the gener-
ating plant or substation. The company has secured
lighting loads of over 250 kilowatts in the towns of
Willoughby and Mentor, and this without making any
extensive campaign for the business. It is contracting
with several municipalities to pump their water supply.
The rate charged for lighting is 11 cents per kilowatt
hour, less 2 cents discount if paid on or before the tenth
of the month. Power rates are based on a sliding
scale, depending on the load factor. They vary from
5 cents per kilowatt hour to 14 cents per kilowatt hour,
with & guaranteed minimum of $1 per month per
horsepower of connected load. Another schedule in
force makes use of a maximum demand meter, with the
same rates for installations over 50 horsepower in
capacity, in which case the customer furnishes the
transformer equipment and buys energy on the high-
tension side at 2,200 volts. The entire railway tra-
verses a well populated, fertile country, abounding in
agricultural and dairy products and having great
natural beauty. About 40,000 people are located in
the territory served by the line.

The power house is located in the town of Paines-

“ville, Ohio, on the bank of Grand River. It consists
of & main building approximately 97 feet by 105 feet
and an annex 42 feet by 21 feet. The chimney is of
radial brick, 200 feet in height and 13 feet in inside
diameter, built to take care of an ample increase in
boiler capacity. Coal is obtained over the tracks of
the Lake Shore & Michigan Southern Railroad, and the
method of handling it is one of the unique features of
the station. A steel hopper with a capacity of 500
tons which receives coal direct from railroad cars is

“mately 350 feet from the power house.
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built into the trestle over which pass the tracks of the
electric railway. The railroad car containing the coal
is taken out on the trestle between the scheduled time
for the interurban cars by a home-made electric loco-
motive, and the coal is dumped direct into the hopper,
the entire unloading being accomplished in a period of
about 10 minutes. The hopper has sufficient capacity
for approximately 10 days’ supply. The locomotive

is weighted down with steel punchings from the shop

and is equipped with two 50-horsepower motors and
automatic air brakes. It will haul two gondola cars of

- coal at each trip and obviates the necessity of sending a

work car and its erew from the car house at Willoughby
whenever it is desired to unload coal. From the
hopper the coal descends by gravity into cars on a
track beneath. These run into the boiler room upon
an elevated track located above the stoker hoppers,
and the coal is dropped into the stokers as required.
The average consumption is about 40 tons a day.

The ashes drop into brick-lined steel hoppers
equipped with gate valves of the same type as those
used for the coal. The ash tunnel is located: directly
under the furnaces, and ash cars run from there to
an elevator, where they are hoisted to an outside
track. The ashes are used for filling in the low
ground adjacent to the power house. The ash cars
are interchangeable with those used for hauling the
coal. :

The boiler plant consists of three batteries of two
166-horsepower boilers each, aggregating 2,200 horse-
power in actual capacity.

Cooling water for the surface condensers is taken
from the Grand River, and the siphon circulating
system used possesses some novel features. A pump
house is located on the bank of the river, approxi-
Tt is of brick,
26 feet by 17, and, owing to its proximity to the river,
it was found impossible to secure even a clay founda-
tion on which to build it. Consequently, it was con-
structed in the form of a reinforced concrete bhasket
set on concrete piling.

In order to secure an uninterrupted supply of circu-
lating water, free from all débris, a concrete intake
box having two sets of screens was sunk near the
edge of the main channel of the river. The upper
portion of the box is covered with a perforated cais-
son built of boiler plate and having a screen bolted to

- the top, so that, even when flood waters completely

cover the intake, clean water can be secured. The
intake box is connected with a 24-foot storage well
just outside of the pump house by a 48-inch tiling
some 80 feet in length. The water before entering
the well passes through another box equipped with
double screens, and it has been found that an ample
supply of clean water is assured without the use of
the twin strainers or similar appliances usually intro-
duced in circulating lines.
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The pumping equipment consists of two 14-inch
centrifugal pumps, each having a capacity of 500
gallons per minute and driven by a 50-horsepower,
440-volt, induection motor. These motors are con-
trolled entirely from the power house, although air-
break switches are installed at the pump house for
use in case of emergency. It is unnecessary, there-
fore, for anyone to visit the pump house except for
purposes of inspection.

Each pump has a separate suction pipe to the well,
but they both discharge into a single 20-inch main
leading to the power house. The various condensers
receive water from this single main and discharge it
into another single 20-inch main, which leads back to
the river, making a complete siphon system. These
pipes are of cast iron, having flanged joints, and
they are laid in a 6-foot concrete tunnel extending
from the power house to within 75 feet of the pump
house. Gate valves operated from the turbine floor
control the supply and discharge lines to each con-
denser, so that any condenser may be taken off the
line for purposes of inspection or repair without break-
ing the siphon effect of the circulating system. At
the same time these permit regulation of the amount
of water used in the condensers under various oper-
ating conditions. A combination wet and dry pump
is installed to start the system if for any reason it
should become empty of water. The discharge pipe
to the river is provided with a Y connection to
insure a supply of warm water in order to get rid of
any needle ice which may gather at the intake in the
winter.

Owing to the fact that the system embraces a
siphon, the motor-driven pumps have only to over-
come the friction of the complete circulating system,
thus calling for considerably less expenditure of
- energy than if they had to work against the entire
head. A steam-driven centrifugal pump is also in-
stalled at the pump house for cleaning out the well,
and a telephone line between the pump house and
the power house affords a ready means of communi-
cation when anyone has occasion to visit the pump
house for the purpose of inspection.

All of the valves used in connection with the
engines, turbines, and condenser equipment are con-
trolled from the engine-room floor, so that the engi-
neer does not have to leave the floor, but can control
all machinery therefrom.

Great importance is attached to the value of tests,
and one is being run all the time to ascertain just what
is being done and what results are secured. Accurate
records are kept of coal, water, and ash, so that the
operating efficiency can be computed at any time. A
water meter accurately measures the boiler-feed
water, the ashes are weighed; and the percentage of
ash in the coal is obtained. The total operating
force consists of 11 men, working in two 12-hour
shifts.

STREET AND ELECTRIC RAILWAYS.

The scheme of painting the piping around the
station in different colors facilitates greatly the work
of the employees, as one can tell at a glance just what
the pipe is carrying. Live steam is indicated by
green, exhaust steam by brown, hot water by red,
cold water by black. The engine-room walls are
painted white, with a green border.

The generating equipment consisted formerly of two
360-kilovolt-ampere, 25-cycle generators, direct con-
nected to two 18-inch by 36-inch by 42-inch engines
delivering current at 6,600 volts. The natural in-
crease in load, however, and that due to extensions
and other business secured, required additional station
capacity, and the following apparatus was installed in
1912: Two 1,670-kilovolt-ampere, 25-cycle, 6,600~
volt turbo-generators operating at 1,500 revolutions
per minute, and two b50-kilowatt, 125-volt turbo-
exciter sets, together with a 22-panel switchboard.

The switchboard is located on a raised portion of the
floor overlooking the remainder of the engine room. A
swinging bracket at the end contains two voltmeters, a
frequency meter, and a synchroscope. Each generator
panel is equipped with an ammeter, a voltmeter,
power-factor meter, watt-hour meter, field rheostats,
and nonautomatic oil switches. The high-tension
feeder panels are equipped each with three ammeters,
a watt-hour meter, an automatic oil switch, and relays.
Four panels are devoted to the control of the exciters,
with the usual equipment of ammeters, voltmeters,
rheostats, and knife switches.

A substation, consisting of two 360-kilovolt-ampere,
600-volt, direct-current rotary converters and a portion
of the main switchboard devoted to their control, is
located in the power house. The main transformers
are arranged in two banks, each having three 500-kilo-
volt-ampere units, located in the basement. They
step up the voltage from 6,600 to 13,200 for transmis-
sion to the other substations at Willoughby, Geneva,
and Ashtabula. It has been proposed, however, to
raise the transmission voltage to 22,000.

Ewolution of Minneapolis plant—The evolution of
the steampower plant of the T'win City Rapid Transit
Company in Minneapolis is a good example of the
rapid changes which have taken place generally in the
methods of power production in the street railway
field. Originally this plant contained triple-expan-
sion Corliss engines, representing the best practice of
20 years ago, and these engines were connected through
jack shafts to 150-horsepower generators, large for the
time. This equipment produced electrical energy ab
high cost for fuel, because the nature of the load did not
permit the engines to be used under good operating
conditions, and also at high cost for maintenance, on
acecount of the complicated character of the magchin-
ery. Tenyears ago a modern steam plant was designed
to contain ultimately five vertical cross-compound
reciprocating engines of 5,000-horsepower capacity,
direct-connected to 3-phase, 13,200-volt, 35-cycle gen-
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erators rated at 3,500-kilowatt capacity, or at, say,
4,000 kilowatts on the now standard temperature rise.
Three of these engines were installed by 1905, giving

the plant an actual capacity of 12,000 kilowatts. The

engines were supplied from a boiler room containing
18 standard water-tube boilers with 5,560 square feet
of heating surface each, giving a nominal rating of 556
horsepower. These were equipped with stokers of a
continuous capacity of 825 boiler horsepower to pro-
duce a 50 per cent overload output of the boilers. -The
boilers contained superheaters of a capacity to pro-
duce 120 degrees superheat at rated load. Draft was
furnished by two radial-brick stacks, 162 feet high,
mounted on masonry 63 feet above the boiler-room
floor. The flue diameter was 16 feet. Two flues, each
of 125 square feet cross-section, connected the boiler
uptakes with each stack,

Following the original plan, a fourth engine and
eight more boilers were added in April, 1906. By this
time, however, the steam turbine had entered the
field; and instead of the fifth reciprocating engine, two
5,000-kilowatt vertical turbines were installed in Feb-
ruary and July, 1907, respectively,in the place provided
for it. The fact that this space accommodated tur-
bines with three times the capacity of the engines
which could have been installed therein is significant.
No increase in boiler capacity was made. The plant
was typical of the best practice of the time. Hardly
had the new turbines been installed, however, when it
was found possible to secure larger and more economical
ones, and the process of replacing the engine units
began. In the meantime experiments had been made
with e¢hain-grate stokers, and in January, 1909, two, in
July four more, and during the fall six more, were
installed. By this time the stack capacity was greatly
overtaxed, and one of the brick stacks was replaced, in
November, 1910, by two brick-lined steel stacks, with
internal diameters of 14 feet, mounted on structural-
steel frames over the boilers. Their tops were 265
feet above the boiler-room floor. A 4,000-kilowatt
vertical steam-turbine unit was put into serviee in
February, 1911, and in July six more chain grates were
installed. Two more boilers, of 5,000 square feet
heating surface, were added in the space formerly
occupied by masonry stack foundations, and the
remaining furnaces were equipped with chain grates.
Again the stacks were overtaxed, and the second brick
one was replaced with two steel ones in August, 1912.
During the following month a 15,000-kilowatt turbine
set displaced the second engine. More steam being
required, two more boilers were added in January,
1913, in the space formerly occupied by the second
briek stack. The installation of a third large turbine,
also of 15,000-kilowatt capacity, was completed in
1913, and but one engine of the original four of 1906
remained in service. The story of advance and obso-
lescence was practically complete.
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Combination steam and hydraulic plant.—The North-
ern Ohio Traction & Light Co.’s plant of 1913 illus-
trates the combination of steam and hydroelectric
service in one system for the supply of electrical energy.
It includes a steam station with a present rating of
20,000 kilowatts and an ultimate rating of 50,000
kilowatts, a hydroelectric station of 2,000-kilowatt rat-
ing, eight substations, and the necessary transmission
lines. The company owns and operates approxi-
mately 216 miles of single track, consisting of the city
lines in Akron and Canton and the interurban lines
from Akron north to Cleveland, south to Canton,
Massillon, Urichsville, Canal Dover, ete., east to Kent
and Ravenna, and southwest to Barberton and Wads-

worth. In addition, it supplies electricity for all

services in the city of Akron and numerous towns and
villages on the railway lines. The latter business has
developed more rapidly during the past few years than
the company’s facilities for handling it, and in several
instances the proffered business has necessarily been
refused. The gross receipts of the company during
1912 exceeded those of 1911 by 11.2 per cent.

The company’s Gorge power station, supplemented
by the hydroelectric station, replaces stations at Akron,
Silver Lake Junction, and Bedford, and furnishes all
energy required north of Canton. The existing sta-
tions at Canton, generating alternating current at 25
cycles, however, continue to supply the city lines in
Canton and the interurban lines south of Canton. The
Gorge station is located in the valley of the Cuyahoga
River, just below the Cuyahoga Falls, Ohio. As the
low-water flow of the Cuyahoga River was not suffi-
cient for condensing purposes, it was necessary to
build a dam so that a suitable pond for cooling water
would be provided; and as the fall of the Cuyahoga
River is quite rapid at this point, it was found possible,
by utilizing the head from this dam in connection
with a fall below the dam, to secure a head of about
100 feet one-half mile below the dam.

The coal for the station is delivered over the Penn-
sylvania Railroad, the only railroad near the site.
The company has a siding from this road which runs
along the top of the river bank at an elevation about
90 feet above the boiler-room floor. A trestle with
coal bunkers underneath allows loaded cars to be
shifted by the company’s motor car. From the
bunkers the coal passes through valves into the
crusher and through this crusher into individual
bunkers for the boilers.

The power station proper consists of the boiler
room, 56 feet wide by 330 feet long, and the turbine
room, 63 feet wide by 227 feet long, separated by a
division wall, the turbine room being on the river side.
The turbine room was located on this side in order
to decrease the length of the condensing-water tun-
nels and also to simplify the delivery of coal to the
boiler room. In addition, there are two small wings,
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in one of which are the blowers for the forced draft
and in the other are the lightning arresters.

‘The main floor of the boiler room, which is flush
with the basement of the turbine room, is placed at
elevation 918.5 (above sea level), which is about 40 feet
above the head of the stream and about 90 feet below
the top of the bluff, where coal is delivered. The dam,
which is about half a mile below this station, has its
spillway at elevation 910, so that low water would only
be 8 feet 6 inches below the turbine-room basement.
During the famous 1913 floods in Ohio the water rose
to elevation 918.2.

The boiler room contains sixteen 604-horsepower tu-
‘bular boilers and superheaters, arranged in a single row,
the stack being placed in the center of the boiler room,
with eight boilers on one side and eight on the other.
All boilers are equipped with stokers. Fans, located
in the blower room, just south of the boiler room,
furnish the forced draft for these stokers. The ashes
are dumped into ash pockets underncath the grates
and thence into a small car running on a track in the
basement. :

Steam at a pressure of 200 pounds is used with a
superheat from 75° to 90°. Each boiler is equipped
with recording instruments in order that a complete
comparative record of coal consumption and steam
furnished may be kept. The radial-brick stack is
275 feet high. The stack is unusually high because
the station is about 90 feet below the surrounding
country. There are two openings for the breeching,
each 20 feet high and 7.5 feet wide. The novelty in
its construction was the use of }-inch American ingot
iron plates. ‘

The main steam header has been so arranged tha
the boilers may be divided into four groups, one or
more of which may be out of service at any time.
All nozzles were welded on by an electric are.

The main steam piping consists of a 12-inch header
in the boiler room, connected to the boilers by 8-inch.
compound bends. This header is connected to the
three turbines by 12-inch leads, each of which is pro-
vided with a suitable separator at the lowest. point
and an angle valve adjacent to the throttle valve.
This arrangement allows the separator to drain the
header at all times, whether the turbine is in service
or not. There is an 8-inch auxiliary header in the
turbine-room basement, connected to this 12-inch
header at three points, from which all connections are
taken to auxiliaries. ‘

A 50,000-gallon steel tank set on the bluff just
above the station, with a head of about 100 feet, sup-
plies the general service water, the cooling water for
transformers, the water lines for cooling ashes, and the
fire lines.

Air piping has been, carried throughout the building,
as compressed air is used in cleaning the generators,
rotaries, etc., in the turbine room, and for operating
turbine tube cleaners in the boiler room.

STREET AND ELECTRIC RAILWAYS.

The oil piping for the transformers is so arranged
that the oil from any transformer may be removed
through pipe to barrels which are set in a pit at one end
of the pipe line; or, in case of fire, this oil can be run,
to a pit outside of the building.

The installation of generating equipment consists of
three 6,300-kilowatt, 2,300-volt, 60-cycle, 3-phase
turbo-generators, 1,800 revolutions per minute, directly
connected to three horizontal double-flow steam tur-
bines, with a guaranteed steam consumption not to
exceed 14.8 pounds per kilowatt hour at 100 per cent
of rating and 15.4 pounds at 150 per cent. Space has
been. provided for two additional similar or larger units
in the future. Two 150-kilowatt steam-driven, exciters
have been installed with an extra motor-driven unit.
These exciters are placed on. the turbine-room floor be-
tween main units and directl;y in, front of the main
switchboard.

The exhaust from the turbines discharges into steam
condensers, which are in the basement, immediately
underneath the turbines. The circulating and air
pumps for these condensers are en a single shaft and
are driven by a 228-horsepower steam turbine. As
there was a possibility that at some time the level of
the pond would be drawn. below the spillway of the
dam, single-stage booster pumps were provided in the

“turbine-room basement, near the condensers, driven by

75-horsepower, 2,300-volt, 3-phase motors.

Three boiler-feed pumps driven by steam turbines
have been provided in the basement of the turbine
room, The pumps normally take their water from
three feed-water heaters placed on a platform midway
between the turbine-room floor and the basementfloor.
The feed-water heaters are filled from the hot-well
or discharge tunnel by means of two pumps directly
connected to motors. Two service pumps directly con-
nected to motors, each having a rating of 150 gallons
per minute, are also located in the basement. These
pumps are used in filling the service tank on the bluff.

The electrical operation of the station is controlled
from a gallery about 40 feet long on the river side of
the turbine room. A bench board on this gallery con-~
tains 14 panels. Three of these are used for the control
of the main units, two for the exciters; three for out-
going high-tension lines, three for 2,300-volt lines to
substation No. 3, one for 2,300-volt lines to the
booster-pump motors, and two are blank for future
connections. Indicating and recording instruments
are on vertical panels above the bench board.

The structure for the busbars and oil switches is on
the main floor under the front of this gallery. The
ends of this structure are inclosed, forming a room in
which the high-tension circuit-breakers are installed.
The main cables from the generators are carried under
the turbine-room floor to the 2,300-volt busbar. From
this bus cables lead to three 3,000-kilowatt trans-
formers. The transformers are located in the turbine-
room basement directly beneath the switchboard gal-
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lery and step up to 22,000 volts for the outgoing high-
tension lines which feed the substations mentioned
before. The high-tension cables pass through ducts
in the turbine-room floor to the lightning-arrester
room. In this room are installed three sets of electro-
Iytic lightning arresters. Directly above this room is
a transmission tower which is the starting point for
all lines. Substation No. 3 is located in the northwest
corner of the turbine room and consists of three 500-
kilowatt, 6-phase, 60-cycle rotaries and three step-
down transformers, which are fed directly from the
2,300-volt main busbar. The switchboard for this
substation contains the necessary panels for the
rotaries and outgoing feeders. Sixty-cycle rotaries
were finally selected for this service to avoid frequency
changes, in view of the fact that rémarkable progress
has been made during the past few years in their
design. Additional panels for switches and circuit-
breakers for lighting and auxiliary motors are placed
on the turbine-room floor near the substation board.

Combination ratlway, lighting, and ice plant.—There
are some instances where the steam generator plant of
a street railway, besides being available for traction,
lighting, and industrial motors, has been applied
directly or through an intermediary to ice-making,
especially in the South The Louisville, Xy., pla.nt
may be cited as one example. Another 111ustra.t10n is
the plant of the Newport News & Old Point Railway
and Electric Co., where the reconstruction of the engine
equipment, mtroducmg turbo-generators, has carried
with it improvements in the ice-making apparatus.
The ice plant, adjacent to the power house, had a
rated capacity of 100 tons of ice and contained two
ammonia compressors, one a 40-ton, 14-inch by 28-inch
tandem-compound condensing machine, and the other
a 60-ton, 16-inch by 24-inch tandem-compound con-
densing machine. The 40-lon freezing tank had fallen
into disuse, and, owing to inadequate auxiliaries, both
compressors were operated on the 60-ton tank during
hot weather without getting full capacity. The plant
has now been completely overhauled, and recent
records show that with an outside temperature of
100° in the shade a regular output of 105 tons of
ice per day can be maintained aside from the refrig-
eration of storage rooms, estimated as equivalent to
3 tons or 4 tons of ice production. The new atmo-
spheric ammonia condensers were constructed out of
the old atmospheric condenser of the 40-ton equip-
ment by adding ejectors and sprinkling troughs. The
stands are 20 feet long and are made up of 2-inch pipes
12 pipes high. Seven stands were erected for the
60-ton and five stands for the 40-ton compressor.
Each stand takes approximately 60 gallons of water
per minute. The coolers are of construction similar
to that of the condensers, but are made of standard-
weight galvanized-iron pipe, and consist of three stands
for the 40-ton equipment. These are supplied from the
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same water and pumps as the condensers, but use only
30 gallons per minute per stand.

The 40-ton freezing tank, containing 12,880 feet of
14-inch pipe and 596 300-pound cans, which was
formerly operated on the dry-gas system, has been
changed t0 a wet-gas system by installing a 30-inch
by 8-foot accumulator set down in the tank. A 6-inch
space underneath the tank was filled with fine regranu-
lated cork by blowing it in with compressed air and
thoroughly sealing it with waterproof paper and hard
pine. The sides, which were formerly of wood and
were badly decayed, were replaced by walls of hollow
tiles and 8 inches of regranulated cork. The 60-ton
freezing tank, containing 12,036 feet of 13-inch pipe
and 720 300-pound cans arranged for the flooded
system, was changed to a wet-gas system by the
addition of two 20-inch by 8-foot accumulators. New
handling rooms of 450 square feet and 750 square feet,
respectively, were prepared for the 40-ton and 60-ton
tanks, and these, together with two storage rooms of
680 tons capacity, are refrigated by direct expansion.

The storage tanks are cooled by direct expansion and
not by passing the return gas from the freezing tanks
through the coils. Each tank contains 300 feet of
2-inch pipe, and the water leaves these tanks at 40°
Fahrenheit for the freezing cans.

HYDROELECTRIC DEVELOPMENT.

There are not many examples of huge hydroelec-
tric development intended solely for the utilization of
their electrical energy in street railway work, or even
in the electrification of steam railroads; but on the
other band there are very few, if any, electric power-
transmission systems without a railway ‘“load.”
Thus the plant of the Mississippi River Power Co.,!
at Keokuk, Towa, with an initial capacity of 108,000
kilowatts, transmits energy at 110,000 volts 140 miles
to St. Louis for street railway operation; and the
54,500-kilowatt plant of the Pennsylvania Water &
Power Co. on the Susquehanna River at Holtwood,
Pa.,? transmits energy at 70,000 volts 40 miles to Balti-
more to provide a part of the power for operating
thestreet cars of that city. The circuits of the Pacific
Gas & Electric Co. ramify over more than half the
state of California, and a large proportion of the current
generated at its plants and fed into the circuits is
employed in transportation.

Tallulah Falls, Ga., water power.—The Georgia Rail-
way & Power Co., of Atlanta, Ga., has built an unusu-
ally large hydroelectric system at a point on the
Tallulah River known as Tallulah Falls, the region and
locality being one of the most famous summer-holiday
resorts of the South. This is the only large develop-
ment at high head east of the Mississippi, if one excepts

! See p. 99, Central Electric Light and Power Stations, for full
description of this plant. ;
2 See p. 98, ibid.
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Niagara, where the head is only one-third as high. Six
hundred feet of fall is unusual anywhere, and to find
alarge installation working at this head in the southern
Appalachian country is impressive. The present in-
stallation consists of five 17,000-horsepower turbines,
each connected to a 10,000-kilowatt generator. The
general construction of- the system is typical of the
development of high heads, except that advantage was
taken of the topographical conditions to build a 110-
foot dam above the natural falls of the stream. Below
the dam is a tunnel cut-off, nearly a mile and & quarter
long, through solid rock, terminating in an artificial
forebay of concrete and steel, from which drop five
60-inch penstocks, a little over 1,000 feet long, to the
wheels below. Another interesting feature of the
plant is the storage pond and its appurtenances. The
reservoir is about 6 miles above the head works, where
a 90-foot dam has been thrown across the stream,
impounding more than 1,000,000,000 cubic feet of
water. This pond renders available, when it is drawn
upon, a considerable power, and the plans include an
auxiliary plant at this point containing two 3,000~
kilowatt units to utilize the water drawn from storage
and transmit the energy to the main line below. At
the main dam, provision has been made for keeping
the head constant during floods by the installation of
sutomatic swinging flashboards controlled by counter-
weights so as to hold the elevation of the pond back
of the dam practically constant.

The generators are on vertical shafts with the weight
carried in suspension from oil-pressure bearings at the
upper ends of the shafts. There are five 17,000-horse-
power turbines, each direct commnected to a 10,000-
kilowatt generator. Energy is transmitted over a
steel-tower, copper-line circuit at 110,000 volts to
substations at Atlanta, Newnan, Lindale, Gainesville,
and Cartersville, all of the modern outdoor type, the
Atlante receiving substation being the largest of the
. kind anywhere in the world. It is close to the city
limits, with a present rating of 30,000 kilowatts and an
ultimate of 60,000 kilowatts in 110,000/11,000-volt
transformer equipment. The distance from the falls
to Atlanta, which has a large trolley street-car system
thus served, is 87.5 miles.

Bull Run plant of Portland, Oreg.—A recent typical
plant on the Pacific Northwest coast is that of the Port-
land Railway Light & Power Co. in the rocky gorges
of the Bull Run River, 28 miles from Portland. The
.plant derives its energy from the two confluents of
that river, the Little and Big Sandy, which, together
with the Bull Run itself, drain. an area of approxi-
mately 521 square miles.! The drainage basin ex-
tends away up into the Oregon Forest Reserve, and
in the case of the Big Sandy, to the melting snow and ice
of the glaciers on Mount Hood. The Sandy and its
tributaries drain the westernslope of the Cascade Moun-
tains in the northern part of Oregon.

1 Electric Traction, July, 1918, Vol. IX, No. 7.
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The Bull Run River supplies Portland with its
drinking water. A Government reserve, which carries .
the name of the river, was created by Congress as a
protection forthe city’s water supply. Two steel pipes,
54 inches and 42 inches in diameter, carry the clear,
cold water of the Bull Run to Portland. Although
the power plant is on the banks of the Bull Run, the
water necessary to operate it comes from the Little
Sandy, & branch of the Bull Run, and the Big Sandy,
about 7 miles above its junction with the Bull Run.
As the Little Sandy could only furnish a small percent-
age of the total amount of water needed during the
low-water months, a ‘“hogback’ mountain, known ss
the “Devil's Backbone,” was pierced, and from the
portal of this tunnel opening on the Big Sandy side a
flume 12 feet by 8 feet 6 inches, approximately 1.42
miles long, connects with a 32-foot-high, 300-foot-long,
timber-crib, rock-filled dam, set in concrete abutments.
The headworks of the intake to the flume at this dam
congist of two timber gates, 5 feet by 10 feet, set in the
abutment section. The main tunnel is about 4,700 feet
long, 10 feet 11 inches. by 10 feet 8 inches, lined with
timber, and opens up on the Little Sandy side above a
diversion dam of concrete, 13 feet high and 114 feet
long, 17% feet thick through apron, and 18 inches wide
at top. Thence the water is carried through a 9-foot
6-inch by 6-foot 10-inch flume, 3.25 miles long, to the
forebay or reservoir of 1% acres. In this reservoir are
three concrete intakes to the 9-foot penstocks that sup-
ply water to the turbines in the power house 325 feet
below. The reservoir site is to a large extent a natural
one, but in order to increase its storage facilities an
earth-rock, riprap-faced dike was erected around two
sides of it. The storage available here is sufficient
for 48 hours’ operation of the plant in case of an
accident to the flume.

The 9-foot penstocks are 1,400 feet long, and for the
first 475 feet of their length run in tunnels under the
reservoir. Just outside the portals of these tunnels,
standpipes 5 feet in diameter and 42 feet high, topped
with surge tanks 15 feet in diameter and 15 feet high,
arc riveted to the penstocks to .take care of any
vacuum stresses, surging, or water-hammer action
that might be set up, due to opening or closing of
the huge butterfly valves located in the concrete in-
takes in the reservoir or to the sudden taking off of
the load on the generators in the power house. ‘

The penstocks run in trenches, with concrete anchors
located at frequent intervals. About 140 feet from
the power house, each 9-foot penstock branches into
two, 6% feet in diameter, each feeding a water wheel.

Provision has been made for four units, and three are

.installed. Each of the two 6,400-horsepower, 514-

revolutions-per-minute wheels consists of a single 42-
inch wheel mounted on a horizontal shaft and arranged
to discharge into a cast-iron quarter-turn. The wheel
is inclosed in a cast-iron spiral flume casing, the neck
end of which is 54 inches in diameter. The gates
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through which the water is discharged into the buckets
are of the wicket or spring pattern type, so designed
that the head of water on the wheels is always tending
to close them. As these turbines are of single-runner
type, it was necessary to take care of end thrust.
This was overcome by means of a water-step bearing
in the neck.of the quarter-turn, of sufficient diameter
to take the full end thrust of the wheel when working
under operating head. The water for this thrust
bearing comes from the penstocks supplying the
wheels, but is cleansed by being forced through a
strainer so arranged that it can be cleaned without
having to be dismantled. In addition to the hydraulic
method of taking care of the end thrust, there is also
installed an oil collar bearing. On the outside of the
oil chambers a water jacket is installed to prevent the
oil from heating. The governors are of the vertical
type, with oil pump and pressure tank. The pump
is driven from the shaft of the water wheel by means
of a belt. It is possible to obtain regulation as close
as 6 per cent. The governor is driven by a silent
chain and can be controlled electrically from the
switchboard.

The other turbine wheel is what is known as the
scroll case, single-runner, horizontal-shaft type, guar-
anteed to deliver 6,000 brake horsepower at 514 revo-
lutions per minute under 320-foot head. The oper-
ating mechanism of the gates is of the wicket type
and so balanced that under ordinary operating con-
ditions they do not require a very large force to open
or close them. They can be operated by hand with
the oil-pressure governor. The case covering the
runner is of cast iron, of a spiral form, split on the
horizontal diameter.

With this wheel also the thrust bearing can be re-
moved without disconnecting the piping to it. To
take care of the thrust, an automatic hydraulic piston is
keyed to the shaft and held in position by a bronze
sleeve extending through the stuffing-box. Penstock
pressure is utilized against this bearing. Relief valves
and bursting plates have been installed on the supply
pipes to the several units to take care of the changes
in pressure caused by fluctuation in turbine speeds or
a sudden dropping of the load.

'The electric equipment consists of three 3,750-kilo- -

volt-ampere, 3-phase, 60-cycle, 6,600-volt alternators,
direct connected to the wheels before mentioned.
The exciter units are both 150-kilowatt, compound-
wound, interpole machines, 250-volt, 720 revolutions
per minute, direct connected to 300-horsepower tur-
bines. The pipes supplying water to the exciter tur-
bines are so arranged that they can be run from either
pipe line.

The station switchboard is located on a gallery
directly over the exciter sets, where is mounted on a
bench board the remote-control apparatus for all
switches. Over the bench board, supported by T,h..ree
hollow cast-iron posts, is located a board containing
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the indicating ammeters, wattmeters, etc. A space
about 2 feet wide from the bottom of this board to
the top of the back of the bench board allows the ope-
rator a full view of the main operating room. To the
left of the bench board, on an ornamental pedestal
that can be seen from almost any point on the gallery,
are located the station frequency indicator, a synchro-
scope, and a voltmeter. Against the back wall on
the gallery are located the panels on which are mounted
the graphic recording instruments, all relays, and
regulators for the entire station. A doorway in the
wall back of the gallery and a little above the level -
of the gallery floor opens into a building that contains

the low-tension switching room and busses.

The 6,600-volt cables from the alternators are car-
ried in fiber conduits up through the first floor of this
building. In thig room are located all current and
potential transformers. On the next floor above is
the switch room proper, containing all the 6,600-volt
switches, and above them the 6,600-volt busbars are
carried between concrete barriers. Each bus struc-
ture controls two generators and one transformer
bank, arranged for separate or multiple operation.
Located in this room is the station fuse board, contain-
ing all current, potential, and operating circuit fuses
or links. The leads from this board go to the operat-
ing switchboard. On the lower floor is installed a
storage battery for operating the switches. Coming
up through the oil room, in which are located the
transformer oil tanks, oil pumps, and filters, the
visitor enters the transformer building immediately in
the rear of the low-tension switching rooms. The
lower floor contains the transformers, each installed
in a concrete compartment. A track connecting
with the main line runs into the building on the level,
a transfer track running at right angles with it.
A 40-ton crane is used for lifting the transformers
to the transfer track. Single-phase, 3,000-kilovoli-
ampere, oil-water-cooled, 6,600/57,100-volt trans-
formers are used. A reserve transformer can be cut |
in, in case of emergency. The floor of the trans-
former compartments is sloped toward the rear, and
emergency drains take care of the scattered oil in
case of the bursting of the transformer shell.

On the second floor of the transformer building
is the high-tension switching equipment. From the
oil switches the leads are carried straight up through
choke coils and roof cones to the transmission line.
Two electrolytic lightning arresters are located on
this floor, the horn gaps of which are on the roof.
Separate leads from the horn gaps through another
set of roof cones extend directly down to the arresters.

The water system that supplies cooling water to
the transformers is so arranged that by means of a
manifold valve system there is virtually a duplicate
service. Any breakin either willnot cause a shut-down
of the transformers on account of lack of water. The
oil system is provided with two means of supply to
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each transformer.
supply for use only in case of accident; the other can
be used to fill or to drain the transformers.

The power plant thus comprises three structures—
the generator, the low-tension switching, and the
transformer buildings. All are of reinforced-concrete
construction. The generator room is 150 feet by
44 feet by 39 feet high; the traveling crane rail is 31
feet above the floor level. The low-tension switch~
ing rooms are 53 feet by 33 feet by 12 feet high.
The transformer building is 88 feet by 53 feet by 49
feet high, containing two stories. The roof is sup-
ported by a steel truss, and the crane rails lie on
arched buttresses.

The station lighting is furnished by tungsten lamp
clusters in ornamental iron brackets, the lighting
wires being run in conduit.. In case of trouble the
lighting system would not be interrupted, as the wiring
system provides for emergency supply from the storage
battery.

Hydroelectric energy for Massachusetts trolleys.—A
very interesting example of tying together steam and
hydroelectric plants for the operation of street rail-
ways is afforded by the Worcester (Mass.) Consoli-
dated Street Railway System, in which a variety of old
and new steam-generating stations have been sup-
planted and supplemented and the service revolu-
tionized by the entrance of the 66,000-volt lines of
the Connecticut River Transmission Co. into the dis-
trict. The large energy consumption of such an
extensive railway network makes it a desirable cus-
tomer for any wholesale manufacturer of electrical
energy, its demands for service extending over at
least 18 hours a day. The Worcester Consolidated
Street Railway serves the second largest city in
Massachusetts and a tributary suburban and rural
district extending from Fitchburg on the north to the
Rhode Island state line on the south. It operates
about 90 miles of track in the city of Worcester and
170 miles outside, its schedules demanding the daily
rush-hour use of about 400 cars and meeting the
traffic requirements of a territory about 40 miles long
by 30 miles in width. On its lines are operated both
a passenger service, varying in density from that
required in the most congested city street to that
suitable for cross-country or interurban service, and a
rapidly growing electric express business.

For many years the principal source of power on
the Worcester system was steam in various plants
using the old reciprocating engines. In 1911 an

_ important change was inaugurated by the building of
a 5,000-kilowatt steam-turbine station at Millbury,
6 miles south of Worcester; the conmstruetion of a
3,000-kilowatt rotary-converter substation or Madi-
son Street, in the heart of the city of Worcester; and
the building of a 13,200-volt, 25-cycle, steel-tower
line between these points. The Millbury station
was planned for the ultimate addition of several units

One of them is an emergency
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of the capacity initially installed, and a second 5,000-
kilowatt turbo-generateor set has been added.

Since the Millbury steam station was placed in op-
eration, the importanthigh-tension hydroelectric trans-
mission system of the Connecticut River Transmission
Co. has been extended mmto the southern part of Worces-
ter County, and a confwact has been made-for the sup-
ply of energy to the Cwnsolidated Co. at a number of
points, the most impor-tant of these being at Millbury,
which has thus becore the operating energy head-
quarters of the Connecticut River Transmission Co.’s
system in that region.

The yearly output of the plants connected with the
Connecticut River Co.'slines exceeded in 1912-13 that
of the combined centralstations of Massachusetts, with
the notable exception of the Boston Edison Co., whose
system covers a large part of the state. The water-
power generating stations of the Connecticut Co.
are located on the Comnecticut River at Vernon, Vt.,
and on the Deerfield River in the Shelburne Falls dis-
trict. The rating in 1913 of the hydroelectric station
of the Connecticut Co.and its affiliated interests on the
Connecticut and Deerfield Rivers was about 35,000
kilowatts.

The transmission lines form a loop from Vernon to
Shelburne Falls and back through the Fitchburg, Clin-
ton, Worcester, Millbury, and Brookfield districts, with
various branch lines mnd an extension loop through
Rhode Island to Provisdence, and thence back to Mill-
bury via northeastern Connecticut. On the northside
of the system the lines between Vernon and Millbury
are designed for 66,000 volts and are operated at this
pressure, while on the south the lines from Shelburne
Falls to Millbury and thence to Providence are de-
signed for operation atw 120,000 volts. The frequency
is 60 cycles. The system is already the most extensive
power system in New ngland deriving its energy from
water wheels, and its liine arrangements are being car-
ried out with the objects of providing continuous service
in face of every emergency which can be foreseen.
Each of the main linescarries two 8-phase transmission
circuits. Steel-tower construction is employed on all
the high-tension trunk lines. At the Deerfield River
plant, reservoir capacities aggregating 7,000,000,000
cubic feet are laid out ®o insure absolute uniformity in
the water supply for poower generation.

Energy is furnished to the Worcester Consolidated
Street Railway Systerm from the Connecticut River
Transmission lines thwough substations at Millbury,
Greendale, Fitchburg, Ieominster, West Berlin, North-
boro, and West Boylston, Mass., the attendance st the
Greendale and Fitchburg installations being provided
by the transmission company in connection with the
operation of adjoining substations for its own commer-
cial customers’ services. In addition to the Madison
Street substation in Worcester, the railway company
operates distributing s-ubstations at Oxford, Webster,
Leicester, and Sturbridige.
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The Consolidated Co.’s steam generating plants have
an aggregate capacity of 18,300 kilowatts, including
the second 5,000-kilowatt turbine set at Millbury.
The company also purchases about 330 kilowatts from
the Worcester Suburban Electric Cos. at the Uxbridge
generating station of the latter, so that the total aux-
iliary steam power available is about 18,630 kilowatts.
Generators belted to water wheels and having a com-
bined capacity of 500 kilowatts are installed in the
Leominster power station of the railway company.

In general the substations on the south side of the
Consolidated System are equipped with 25-cycle rota-
ries, while those on the north side use 60-cycle ma-
chines. At Millbury 13,200-volt lines between the
Connecticut River System and the Consolidated plant
provide for the supply of current at both frequencies
from the water-power system. The Madison Street
substation contains two 1,500-kilowatt, 25-cycle rota-
ries, and two 2,000-kilowatt, 60-cycle rotaries, each
pair being supplied with energy through transformer
banks and an independent 3-phase No. 0 copper line
to Millbury, 6 miles distant.

The steam-generating plants of the Worcester Co.
are as follows: Millbury, 10,000 kilowatts; Fremont
Street, Worcester, 5,650 kilowatts; Unionville, 800
kilowatts; Charlton City, 400 kilowatts; Northboro,
650 kilowatts; West Berlin, 225 kilowatts; Leomin-
ster, 800 kilowatts (not including 500 kilowatts in
water-wheel driven generators). The Millbury station
is the only one of these which measures up to the most
modern standards, and the smaller plants are useful in
their reserve capacity only in relation to the power
supply throughout the system. The smaller stations
contain generating units of moderate capacity, fre-
quently belt driven, and with boilers hand fired.
‘While most of the engines are of the condensing type,
the local load factors are not favorable to high steam
economy, and coal supply is expensive.

The installation at Millbury includes the Consoli-
dated Co.’s power house, a switch house for the rail-
way company’s 13,200-volt service lines on the further
side of the Blackstone Canal, the Connecticut River
Transmission Co.’s substation, and in connection
with this, one of the most advanced outdoor types of
switching and transformer installations for high-
voltage service. The entire high-tension equipment,

~ including transformers, oil switches, and lightning

arresters, connected with the 66,000-volt and 120,000-
volt lines of the transmission company, is located in
the open air at the rear of the substation building.
The transformers will eventually have three inde-
pendent windings, of 120,000, 66,000, and 13,200
volts, respectively, and the station will serve as a tie-in
and equalizing center between the 66,000-volt and
120,000-volt systems, and also as a step-down sub-
station, taking energy from either or both systems and
delivering it at 13,200 volts. The ultimate capacity
will be about 20,000 kilovolt-amperes. There has
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been installed a complete switching equipment for the
control and interchange of two 120,000-volt lines and
two 66,000-volt lines, with the usual protective appa-~
ratus. Space is provided for four, and possibly six,
120,000-volt lines for future service. A special steel
structure has been designed by the engineers of the
hydroelectric organization for the support of the out-
door busses. It consists of square towers, A-frames,
and latticed girders, assembled in combinations to
suit the various requirements. In a brick building
are installed the 3,000-kilovolt-ampere, 60- to 25-cycle,
frequency-changer set, all the control panels for the
Connecticut River Co.’s high-tension and low-tension
apparatus, the bus structures for the 13,200-volt, 60-
cycle and 25-cycle service, and low-tension lightning
arresters. The station has an ultimate capacity of
twelve 13,200-volt feeders, six of each frequency, and
the installation consists of six 2,000-kilovolt-ampere,
66,000/13,200-volt transformers of the water-cooled
type, the frequency-changer,set with a 3,000-kilovolt-
ampere, 3-phase transformer, and a portion of the
switching apparatus.

The 120,000-volt Connecticut Power lines between
Shelburne Falls and Millbury are carried on square,
double-circuit steel towers, measuring 50 feet to the
lowest cross-arm and 75 feet over all. The line is 60
miles long, and the towers are spaced about ten to the
mile. The power conductors are of No. 00 medium-
hard-drawn 7-strand copper with a ground wire of
§-inch double-galvanized steel strand. Suspension
insulators are used, the number of disks being six in
suspension and seven on strain. The line is transposed
once every 20 miles, and the telephone circuit is carried
on a separatepole line. In connectionwith the Millbury
installation, & tie-line has been constructed between
the Greendale substation and the former point around
Lake Quinsigamond, a distance of about 11 miles, two
3-phase circuits of No. 2, 3-strand copper being used.

The steel bridges supporting the bus conductors at
the Millbury switching station are in general carried 30
feet above the ground and are about 60 feet long.
Disconnecting switches are-installed on both sides of
every oil switch. All transformers, high-tension
lightning arresters, and oil switches are mounted upon
concrete foundations, and the lightning arresters are
installed with tanks coated with white paint to keep
the electrolyte cooler when in the sun’s rays than is
feasible with the ordinary dark-colored tank. A
concrete pier carrying three 66,000-volt oil switches
is 16.5 feet long, 4 feet wide, and 3 feet high above the
ground. A typical transformer pier consists of two
concrete beams 20 inches wide and 22 inches above
the ground in each case, carrying two 4-inch T rails
3 feet 6 inches apart, upon which rests a set of

‘wheels permitting the more rapid movement of the

transformer in case its location has to be changed
quickly. Circulating water from the Blackstone
River is supplied to the transformers through a
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system of 3-inch pipes by two triplex vertical pumps,
each geared to a B5-horsepower, 110-volt, 3-phase
induction motor. The water is filtered and is drawn
from a well at the pump house. Wooden galleries
facilitate the opening and closing of disconnecting
switches from below. The disconnecting switches are
composed of suspension insulators, with a hinged blade
at one end and a Y-shaped spring clip at the other.
Several 13,200-volt, 60-cycle feeders connect the Con-
solidated Co.’s switching station with the Connecticut
River Co.’s substation, and in addition a feeder of
this voltage leads from the frequency changer.
The minimum spacing between high-tension conduc-
tors’'in the open-air switching station is 8 feet, and in
most cases 10 feet. Choke coils are in series with the
high-tension oil switch leads, and horn-gap and
electrolytic arresters are liberally provided.

The frequency changer consists of a 3-phase, 24~

pole, 2,300-volt, 60-cycle synchronous motor rated at
4,250 horsepower and directly connected to a 10-pole,
3,000-kilovolt-ampere, 25-cycle, 13,200-volt generator
with auto-transformer, the speed of the unit being 300
revolutions per minute. ,

The Madison Street substation in Worcester is note-
worthy through the use of 2,000-kilowatt, 60-cycle,
rotary converters. These machines were among the
first of their size placed in electric railway service for
60-cycle operation. Each occupies a space 10 feet
11 inches long by 9 feet 3 inches wide, the extreme
length of the machine along the shaft and including
the end-play being 11 feet 7.5 inches. Each has 18
poles and operates at 400 revolutions per minute, hav-
ing 6-phase connections on the alternating-current
side. On the direct-current side the machines each
deliver 3,333 amperes at 600 volts at normal rating.

The incoming lines from Millbury terminate in a
lightning-arrester house adjacent to the substation,
from which underground cables are run to the second
story of the latter. With 15-inch spacing between
conductors, one line is carried on insulators supported
on 13-inch pipe framing, 12.5 feet above the floor, to
15,000-volt automatic oil switches. The leads from
the switches thence pass through wall bushings of
porcelain to the transformers supplying the two 60-
cycle rotaries. Corresponding switches control the
transformers for the 25-cycle rotaries, which are sup-
plied from the other incoming line. The ecurrent
transformers are placed in the incoming lines just
inside the cable potheads, and an automatic oil
switch is included in each line, disconnecting switches
being installed between the main-line oil switches
and those controlling the sets of transformers for each
rotary. Individual current transformers are pro-
vided in each transformer primary circuit. The oil
switches controlling each bank of transformers for
the 60-cycle service are housed in concrete compart-
ments 31 inches long and 12 inches wide per phase,
‘the over-all width being 50 inches. Trip coils are

" STREET AND ELECTRIC RAILWAYS.

installed at the rear of the compartments, and the
ends of the latter are protected by vertical concrete
slabs 56 inches high and 6 inches wide, which also
serve as foundations for the pipe framing of the local
disconnecting switches and current ' transformers.
The oil switch and bus room is 120 feet long.

The transformer installation consists of three 700-
kilovolt-ampere, 13,200/430-volt air-blast wunits for
each 2,000-kilowatt rotary and two sets of three 550-
kilowatt air-blast units for the smaller rotaries. All
are located on top of a brick air duct in the second
story of the building, immediately above the operating
room. The transformer room is 126 feet long by 14
feet wide, and the air duct is 6 by 9 feet in outside
dimensions, with a division wall between the two fan
gystems.

The Leominster, West Boylston, West Berlin, and
Northboro substations are each supplied with energy
from the Clinton substation of the transmission com-
pany through a 3-phase No. 1 copper line carried on
a wooden-pole line owned by the Consolidated Co.
Disconnecting switches are installed at convenient
points in these lines for sectionalizing purposes. The
poles are chestriut, 35 feet in length, set on the aver-
age 100 feet apart, and the line is supported on porce-
lain insulators carried on 10-foot cross-arms. The
substations are of standard type, the 300-kilowatt
rotary being the usual unit of equipment. The West
Boylston installation is representative and consists of
two 300-kilowatt rotaries, six 110-kilowatt, 13,200/
370-volt oil-cooled transformers, two 45-kilowatt
reactance coils, and a four-panel switchboard 5% feet
long, housed in a concrete and brick building. The
incoming line is brought through choke coils and
selector switches with multigraph lightning-arrester
connections, the transformers being arranged in a
single row with the rotaries in front. The usual
direct-current feeder equipment is installed on the
switchboard panels. Automatic oil switches are
installed in the transformer primary leads, and prac-
tically the entire equipment is in sight on the working
floor of the building. The telephone facilities in-
clude both public and private lines. At Fitchburg a
300-kilowatt rotary converter with three 110-kilo-
volt-ampere, oil-cooled transformers and auxiliary
equipment is housed in a 19-foot by 21-foot brick
extension of the Connecticut River Transmission Co.’s
main 9,000-kilowatt substation in the outskirts of the
city. A switchboard with two 16-inch panels, one
for the alternating-current and the other for the
direct-current side of the rotary, is in service, a single
500,000-circular-mil feeder being all that is needed for
the Consolidated service in that district.

At Northboro a typical substation built in connec-
tion with an established steam-generating plant held
for auxiliary service is in operation, with two 300-
kilowatt rotaries, transformers, and auxiliary appa-
ratus installed in a section of the engine room 19 feet
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by 55 feet. In this substation the arrangement of
incoming line and choke coils is unusually straight-
forward. The wires are carried on insulators supported
on pipe framing after being brought into the building
through roof bushings housed in 30-inch by 36~mch
inclined openings. The choke coils are mounted on
horizontal axes on insulating supports carried on the
framing, and the utilization of space otherwise of no
value is of interest. The negative and equalizer busses
are installed under the floor of the substation, and the
switchboard controls the direct-current supply to
feeders for cars operating in the Marlboro, Northboro,
Westboro, and Shrewsbury district.

The Worcester Co.’s double-circuit, 33,000-volt line
construction employs a standard pole about 35.5
feet high above the rail. The high-tension wires are
spaced in 36-inch equilateral triangles, and are carried
on pin-type insulators on 7-foot and 12-foot cross-
arms with metal braces. The feeders are carried on
5-foot arms spaced 24 inches apart; the trolley brack-
ets are 9 feet 6 inches long on tangents, and telephone
cross-arms 3 feet long are provided immediately above.
At crossings, double cross-arms are installed and the
insulators are spanned by line-wire protectors.

At Millbury Junction, Mass., the 66,000-volt lines-

of the Connecticut River Co. cross the tracks of both
the Consolidated Co. and the Boston & Albany Rail-
road. The arrangement of suspension insulators in
the steam railroad crossing deserves mention. KEach
phase wire is attached to three insulators at the ends
of the cross-arms of 75-foot steel towers anchored on
each side of the span, the latter being about 170 feet
in length. The conductors are hung 10 feet apart in
a vertical plane and about 16 feet apart horizontally.
Five-disk suspension insulators are used to carry the
No. 00 line wires employed: The 25-foot span across
the Consolidated track is effected by the use of a pair of
A-frames about 50 feet high, with pin-type insulators.

The Fremont Street station, containing thé original
engine-driven generators of the Worcester lines, now
has seven engine-driven units, all of the cross-com-
pound condensing type, fed by twelve water-tube
boilers. This station has a coal-storage yard of 20,000
. tons capacity, alongside the main line of the Boston
" & Albany Railroad in the southern part of Worcester.
An extensive coal-handling system is in service at this
point, but no further description need be given of the
company’s steam plants, as they are gradually being
retired in favor of the hydroelectric service, with the
exception of the modern turbine station at Millbury.
Hourly cars are operated on the principal streets of
Worcester throughout the night, and the trolley is
maintained alive elsewhere.
down about midnight and started about 5.30 a. m. At
the Charlton City plant one of the existing double-
current generators is utilized as a rotary converter in
the autumn. The night service is handled from
Worcester.

All substations are shut
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Hydroelectric development at low head.—A strlkmg in-
stance of hydroelectric development at very low head,
for street railway work, is afforded by the power station
of the McKinley System on the Illinois River at Mar-
seilles, I11., one of the largest and earliest of its kind
in hydroelectric work. The plant contains six 74-inch
turbines, two 40-inch turbines, and six 62-inch tur-
bines. The 74-inch turbines operate at 75 revolutions
perminute and are rated at 450 horsepower each, at 11-
foot head. These vertical units drive direct-connected
alternating-current generators, two 60-cycle and four
25-cycle. The 62-inch turbines are arranged in two
groups of three each, one driving a 450-kilowatt, 60-
cycle generator, the other a 500-kilowatt, 25-cycle
generator. The small turbines are directly connected
to 90-kilowatt exciters, while a 100-kilowatt motor-
driven exciter is used for relay purposes. The 25-
cycle and 60-~cycle systems are tied together by means
of a 750-kilowatt frequency changer opeérating at 300
revolutions per minute,

The power plant supplies two general transmission
systems, one a 25-cycle system furnishing all power
requirements for the Chicago, Ottawa & Peoria Rail-
way, the other a 60-cycle system supplying the
Northern Illinois Light & Traction Co., which fur-
nishes light and power in Marseilles and Ottawa, the
La Salle Lighting Co. at La Salle, and power and
light in the towns of Spring Valley, Utica, Seneca, and
Morris. The hydraulic plant operates in parallel with
three steam plants, one at La Salle, one at Ottawa,
and one at Marseilles. It is thus possible to maintain
a high load factor on the hydraulic plant while water
is abundant. A feature of the 60-cycle transmission
line is that a large portion of it was constructed with
concrete poles. This line is built on a right of way
along the bank of the Illinois-Michigan Canal.

As the head under which this plant operates is so
low, special care was taken to conserve the water sup-
ply by reducing losses at every point.- Trash racks
with wide bars, pointed on both sides, were specially
designed, and these were set against a concrete apron
1 foot below water level for the purpose of preventing
the transmission of heat from the water to the cold air
above, by way of the steel bars, and the resultant for-
mation of ice on the latter. The forebay, tailrace,
and river excavations were all laid out to minimize
friction losses, and the speed of the wheels was so
determined as to give maximum efficiency at the head
used. Special generators had to be designed for the
low speed of 75 revolutions per minute, but this was
considered justifiable in view of the hlo‘her hydraulic

.efficiency obtained.

DYNAMO CAPACITY AND PURCHASED POWER.

The capacity of the dynamos installed in electric
railway plants increased from 1,723,416 kilowatts in
1907 to 2,508,066 kilowatts in 1912, but it is obvious
that it would have increased much more had not
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there been so strong a manifestation of the tendency
toward purchasing power from outside sources, either
central stations or power-transmission systems. Of
such practice the censuses of 1902 and 1907 made no
mention, because of the fact that it had not established
itself, while there was also operative a contrary policy
in the acquisition of such plants by the electric railways.
In the intervening period the ‘‘trolleys” would appear
to have had all they could do to finance themselves in
meeting the growing demand for transportation facili-
ties as such, and the managements in a great many
cases have evidently reached the conclusion that it is
more economical to buy the energy needed to move the
cars than to produce it from plants of their own. In
other words, the real problem. of street railway man-
agement is better transportation and not power pro-
duction. The extent to which this notable change had
gone in 1912—to be more significantly evidenced in the
figures of 1917—is shown by the fact that while the out-
putof street railway plants was aboutsix billion kilowatt
hours, the current purchased amounted to very nearly
three billions. Various inferences and implications de-
pend upon such remarkable figures, the chief of which
is the suggestion, already being put into effect, that in
the gradual electrification of the steam railroads it will
not be necessary at all for them to build expensive
power plants of their own at isolated points to supply
long sections of track. They can now buy current fed
in every few miles, purchased at a low rate from
local central stations or power-transmission lines. Itis
generally believed among electrical engineers that this
change of method isone of the most vital and important
factors in assisting the steam railroads to make the
change to electricity, while avoiding altogether unnee-
essary investment in duplicate power plants. Else-
where in this report are given a number of examples
of the manner in which this momentous change is be-
ing worked out in practice by large railroads and street
railway systems.’

Electric power appears to be almost universally pur-
chased in alternating-current form, owing, no doubt,
to the fact that the substations for supplying the direct-
current overhead lines of street railways have to be
located solely with regard to the requirements of the
railways, as well as to the fact that the present 600-volt
rotary converters taking alternating current and neces-
sary to supply the averagetrack voltage in direct current
are not available for any use other than that of railway
service. There are, however, several cases where
power companies have been in a position to build and
equip substations mainly to carry the direct-current
loads of railways, and in such cases no difficulties
either in operation or in arrangement of terms for the
service to the railways have been apparent.

The cost of electric power for street railway opera-
tion is a much more important matter for the larger
city systems with their long hauls and liberal transfer
privileges than it is for the smaller, shorter roads;
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and on the systems which have contracted for large
blocks of purchased power the details of the contracts
have necessarily been worked out with considerable
care. In general, such contracts take the form of an
agreement whereby the final price paid by the railway
is based upon a combination of two charges. The first
of these charges is made to cover the interest and depre-
ciation of the power company’s plant and is ihdepen dent
of the amount of power furnished. This is variously
called the demand charge, the service charge, the stand-
by charge, or the primary charge. It is established by
the maximum amount of energy which is demanded
by the railway. In other words, the charge is made
because the power company holds itself in readiness to
serve the railway with a certain amount of energy,
and for that reason is presumably reserving a certain
amount of steam and electrical equipment to carry
the railway load whenever the demand comes.

This demand charge appears to be fairly well estab-
lished at a figure close to $1 per month, or $12 per
annum, per kilowatt of demand. This provides, theo-
retically, for a return of 12 per cent upon the invest-
ment of $100 per kilowatt capacity of the equipment
which has to be installed to take care of the maximum
peak load called for by the railway. In practice, how-
ever, the actual rate of return from the demand charge
is subject to a number of important factors. The
maximum demand seems never to be based upon the
instantaneous peaks and but seldom upon the one-min-
ute or five-minute peaks, the hourly basis affording a
simpler method and onse less liable to material errors.
Naturally the establishment of the maximum peak
from the average load during an hour places the burden
of carrying the sudden swings which always oceur in
rajlway loads upon the power company without com-
pensation. Approximately speaking, the necessity
for providing for the instantaneous peaks eliminates
the possibility of rating the generators upon their
maximum momentary capacity, as much of this over-
load capacity of the machines is thus absorbed.

Another factor influencing the real percentage of
return afforded by the demand charge is the necessity
for providing spare units as a reserve against break-
down. This excess of capacity may, of course, be
reduced in the'cases of the very large stations, but
even in plants of 80,000-kilowatt to 100,000-kilowatt
capacity a margin of about 10 per cent seems to be con-
sidered to be the minimum. The proper amount of
reserve capacity is, of course, actually dependent upon
the size of the units in proportion to the total capacity
of the plant, as well as upon the relation of the over-
load capacity of the prime movers to the extent by
which the maximum swing is in excess of the hourly
peak or whatever other arbitrary figure is used as a
basis for the demand charge.

In addition to the demand charge there is another
component which enters into the final price paid for
purchased power. This is variously called the energy
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charge, the unit charge, the kilowatt-hour charge, or
the consumption charge. It consists of a charge
made for each unit of energy, or kilowatt hour, actu-
ally used by the railway, and for large consumptions it
is usually made as a flat rate per kilowatt hour.

There is, of course, an opportunity for wide varia-
tions in the establishment of the energy charge. With
large plants the over-all efficiency is approximately
constant, and the labor charge for operation can
vary but little, even in widely separated localities
where wage scales are radically different. The cost
of fuel, however, constitutes a large part of the energy
charge, in some cases even 70 per cent, and as the
price of coal is subject to wide variations in accord-
ance with the locality, the energy charge is really not
capable of being estimated, even roughly, for any par-
ticular case without a knowledge of all conditions sur-
rounding it. It is, however, an interesting fact that
in three of the largest power contracts yet made the
energy charge amounts to about 0.4 cent per kilowatt
hour consumed.

The combination of the demand charge and the
energy charge takes care automatically of variations
in load factor. A railway load, with very high peaks
in the rush hours, will naturally have a high demand
charge, and the final price paid for power is larger
than that paid when the demand charge is relatively
small, owing to low rush-hour peaks and a relatively
bigh load factor. With a load factor of 30 per cent
and a demand of 1 kilowatt, the monthly energy con-
sumption will be 216 kilowatt hours, and the energy
charge at 0.4 cent per kilowatt hour will amount to
86.4 cents per month, the number of kilowatt hours
per month being determined by multiplying the total
number of hours in a month by the demand in kilo-
watts and by the load factor, or 720 by 1 by 0.30.
If the demand charge is $1 per kilowatt of demand
per month, the total cost of power will be made up by
adding the two charges together and will amount to
$1.864. As the energy consumption amounts to 216
kilowatt hours, however, the final price will amount
to $1.864 divided by 216, or 0.863 cent per kilowatt
hour.

If, under the same conditions, the load factor is
raised to 50 per cent by reducing the demand to 0.60
kilowatt and maintaining the energy consumption at
the original figure of 216 kilowatt hours, the demand
charge is reduced to 60 cents per month, while the
energy charge remains at 86.4 cents per month. The
total cost of power per month will then be $1.464, and
this divided by the monthly consumption of 216 kilo-
watt hours gives a final price of 0.678 cent per kilo-
watt hour. This final price per unit of energy is
more than 20 per cent below that obtained in the
former case, where the load factor was only 30 per
cent. Both prices are based upon charges which
should be obtainable under all ordinary circumstances
when power is purchased in quantities such as would
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be represented by demands of, say, 10,000 kilowatts
or over. :

The basis for power contracts outlined is so widely
used that in some respects it may be considered as
a standard. Actual contracts, however, modify the
figures to some extent. To present an example of
the general trend, the power contracts of the Chicago
City Railway, the Cleveland Railway Co., and the
Philadelphia Rapid Transit Co. have been compared.

The contract of the Chicago City Railway was made
in 1908 and those of the Cleveland.and Philadelphia
systems were closed during 1912. The term of con-
tract in all three cases is, however, specified as 10
years. The character of current supplied by the
power company is thoroughly standardized. At
Chicago and Philadelphia current is supplied in 3-phase,
25-cycle form. At Cleveland 3-phase, 60-cycle current
is furnished, the substations of the railway company
being equipped with specially designed 1,500-kilowatt
rotary converters suitable for this frequency.

The voltages for the three systems are, respectively,
9,000, 13,200, and 10,000 to 11,000. In the Cleveland
contract the specifications for voltage are modified by
a clause to the effect that the voltage shall have
“reasonably close regulation for railway purposes,
provided the apparatus of the railway company is of
approved design and pattern and in accordance with
good practice for such operations.” At Philadelphia
a 3 per cent variation above or below is permitted
from the normal periodicity of 25 cycles, and also from
the normal voltage of 13,200.

The power factor specified at Chicago and Phila-
delphia is 100 per cent, approximately. At Cleve-
land the power factor is guaranteed by the railway
company at 90 per cent or better, although appar-
ently no specific penalty is imposed if the guaranteed
figure be not maintained. But a penalty and bonus
clause is added to the paragraph on this subject, which
states that if the average monthly power factor varies
from 90 per cent in computing the monthly settlement,
the figure for demand, as measured in kilowatts, shall
be arbitrarily increased or decreased as compared with
the actual demand, in inverse proportion to the varia-
tion of the load factor from 90 per cent. The treat-
ment of the power factor in the Cleveland contract is
also unusual, because the method of measurement is
specified. The tangent of the average monthly angle
of lag is determined by multiplying by the factor
1,732 the ratio between the sum of and the difference
between the readings of two single-phase watt-hour
meters installed on the supply circuit. From the tan-
gent of the angle of lag, the cosine of the angle of
lag, or power factor, is determined by reference to the
standard tables.

The “demand,” or the figure from which the de-
mand charge is calculated, is in all three cities estab-
lished each month from hourly peaks of any three con-
secutive days of the month which may be selected by
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the power company. At Cleveland only one hour
from each. of the three consecutive days is selected, and
this must be an even clock hour, as from 5 p. m. to
6 p. m. At Chicago and Philadelphia two hours are
selected on each of the three days, one in the morning
and one in the evening. The average of these hourly
readings is used as the demand for the month. The
arrangement works out to the advantage of the rail-
way company, for it hardly ever happens that the
heaviest three peaks in any month occur on consecu-
tive days. The Philadelphia and Chicago contracts
also have the advantage that they include in the aver-
age the figures from both the morning and the evening
peaks, and, ag is well known, the morning peak is by
Do means as severe as that in the evening. At Chicago
the original contract has recently been modified in
some respects, and one of the changes provides that
the extra power required for heating cars when the
outside air is below a temperature of 15 degrees shall
be excluded in determining the maximum demand.
At Cleveland maximum and minimum figures are
specified ag limits for the demand, namely, 15,500 kilo-

watts and 10,000 kilowatts, and the minimum demand

charge made by the power company is based on the
latter figure, whether the power is required or not. In
this contract, however, there is another clause which
provides that when the demand for power in any month
- has increased beyond 14,300 kilowatts the minimum
which shall be paid for during any succeeding month
when the load may be light shall be 70 per cent of the
highest demand previously made by the railway com-
pany. In otherwords, the final basis for the minimum
~demand allows for periods of light traffic a margin
of 30 per cent below the heaviest previous monthly
demand.
~ In the Philadelphia and Chicago contracts, however,
the minimum guaranteed demand which must be paid
* for by the railway, whether the power is supplied or not,
is equal to the maximum demand which has been estab-
lished in any previous month. The Philadelphia con-
tract obligates the railway to pay for 15,000 kilowatts,
and if during any month the demand, as determined
by the previously described method, shall exceed
15,000 kilowatts, this increased demand shall represent
for that month, and for every succeeding month until
it is exceeded by a subsequent still greater demand,

the minimum demand for which the railway is obli-

gated to pay. On November 15, 1913, the railway
company agreed to take an additional 5,000 kilo-
watts, making the arbitary minimum demand equal to
20,000 kilowatts. The permissible normal increase in
demand beyond 20,000 kilowatts is not definitely
stated in this contract.

At Chicago the provisions for minimum or guar-
anteed demand are quite similar to those in the Phila-
delphia contract. The Chicago contract, however,
states that the power company shall stand ready to
supply an increase of 10 per cent over the arbitrary
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minimum, which is set at 30,000 kilowatts for the
last nine years of the contract. This excess, however,
must not be used by the railway for supplying new
lines or large numbers of new cars on existing lines.
For large increases in the demand for power, such as
would be required for a new substation or for new cars
or new lines, all three contracts require written notice
in advance from the railway companies. At Chicago

"and Cleveland a notice of five months is specified for

increases up to 4,000 kilowatts, and 10 months’ notice
is required for any amount greater than this. At
Philadelphia a longer time is evidently considered de-
sirable for the installation of new machinery, since
six months’ notice is required for a 3,000-kilowatt in-
crease and twelve months’ notice for more than that.
An interval of five months between written notices of
increase in demand is required at Philadelphia and
Chicago. Ten months is specified at Cleveland.

The demand charge for the original Chicago con-
tract is based on a flat rate of $1.25 per kilowatt per
month. This, however, has been reduced in a subse-
quent modification of the contract so that it now pro-
vides for a sliding scale as follows:

Demand
DEMAND IN KILOWATTS. charge per
kilowatt,
Up t0 30,000 Kilowabts. . cueuenimneicimiiii e $1.25
TiXcess over 30,000 kilowatts up to 60,000 kilowatts.........co.oooioii. 1.00
Tixcess over 60, '000 kilowatts up to 90 000 kilowatts.............. e 0.91
Excess over 90, ,000 kilowatts up to 120,000 kilowatts 0.87;
Excess over 120 (V) Lo T 0.83:

At Cleveland also the demand charge is based upona
sliding scale. The demand charge for the first 500
kilowatts is $1.475 per kilowatt per month, and for the
second 500 kilowatts $1.45 per kilowatt per mouth.
For all service in excess of 1,000 kilowatts the demand
charge is $1 per kilowatt per month, and this makes
practically aflat rate for the demand charge. At Phila-
delphia the demand charge is made on a flat rate of
$1 per kilowatt per month without any exceptions.

The charges for energy in the original Chicago con-
tract are 0.415 cent per kilowatt hour during the first
one and one-half years of the contract, and thereafter
0.4 cent per kilowatt hour. The Philadelphia contract
also specifies an energy charge at a flat rate of 0.4 cent
per kilowatt hour. In the modification of the Chicago

. contract a sliding scale is used which begins with. a rate

of 0.4 cent per kilowatt hour for the first 5,000,000 kilo-
watt hours consumed. TFor each successive block of
5,000,000 kilowatt hours, or fraction thereof, consumed
in addition up to 40,000,000 kilowatt hours the price
for that block, or fraction, is cut 0.005 cent, so that
for any monthly consumption in excess of 40,000,000
kilowatt hours the price for the excess is 0.36 cent.
Another novel feature in the modified Chicago con-
tract is a provision for an extra charge to be madein
case the price of coal of customary heating value ex-
ceeds $1.90 per ton, the normal price in Chicago.
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This additional charge is obtained in dollars by di-
viding the total number of kilowatt hours consumed
in two years by 1,000 and multiplying. the result by
the average excess in price over $1.90 per ton, the
result being based on a consumption of 2 pounds of coal
per kilowatt hour. In case the price shall drop
below $1.40 per ton, the power company is to pay a

equivalent rebate to the railway. :

At Cleveland a sliding scale is used which specifies
an energy charge of 0.95 cent for the first 50,000 kilo-
watt hours used in any month, 0.90 cent for the next
50,000 kilowatt hours, 0.45 cent for the next 400,000
kilowatt hours, and 0.40 cent for the next 1,800,000
kilowatt hours. For any monthly consumption in
excess of 2,300,000 kilowatt hours the price for the
excess amount is 0.38 cent per kilowatt hour.

At Cleveland and Philadelphia a minimum load
factor of 35 per cent is definitely specified, and if this
is not maintained, the energy charge will be based
upon this instead of the actual energy consumption.
At Cleveland theload factor is defined as the ““quotient
obtained by dividing the kilowatt hours consumed in
any month by 720 times the maximum demand for such
month,” thus permitting a comparatively wide range
for the minimum energy charge.

In the Philadelphia contract the 35 per cent load
factor is defined as that number of kilowatt hours
which will equal 35 per cent of the total number of

 kilowattt hours which would be consumed in any
month if the energy represented by the maximum
demand for that month were exerted during every hour
of the month. This ealculationinvolves the considera-
tion of the varying number of hours in the month,
which, in the Cleveland contract, is approximated by
the use of the figure 720, the number of hours in a 30-
day month. Otherwise, it would establish the minimum
number of kilowatt hours which must be paid for at
a practically constant figure, because the maximum
demand, upon which the 385 per cent load factor is
based, is likely to be fixed by the record load of some
preceding month. At Chicago no provision is made
for maintaining a minimum load factor with the excep-
tion that after the seventh year of the contract the
railway is permitted to utilize sources of power other
than those of the original contracting power company,
‘but if it does so, the load factor must be maintained at
35 per cent, under penalty of paying for an equivalent
number of kilowatt hours whether they are used by
the railway or not.

Underground transmission lines are, in all three cases,
maintained by the power company, but the substations,
including the transformers, are operated and maintained
by the railway. At Cleveland and Chicago the power
is measured by instruments at the switchboard of the
power company, but the transmission loss is guaran-
teed by the power company to be not more than 5 per
cent. At Philadelphia, and also under the new Chicago

contract, power is measured at the railway company’s
high-tension busbars in the substations, and in conse-
quence the power company stands the transmission
loss. The measuring instruments in this case are
maintained by the power company. ,
Duplicate high-tension lines or their equivalent are
required at Philadelphia, but at Cleveland the inter-
ruption of supply is covered by a clause requiring due
diligence on the part of the power company in main-
taining service and providing a rebate on the demand
charge for any interruption in excess of five minutes.

-Length of transmission lines to new substations is cov-

efed at Cleveland only indirectly by the call for a mini-
mum demand of 2,000 kilowatts for each new station
built. At Philadelphia, if the length of transmission
lines to new substations exceeds the length of existing
lines the railway must pay 10 per cent per annum upon
the cost of such excess length.

In all cases meters are read at noon on the last day
of the month. Their accuracy is required to be within
2 per cent, and they are to be tested each month in the
presence of the railway’s representative at the expense
of the power company. The Cleveland contract, in
addition, permits testing on demand, but not more
often than biweekly except at expense of the railway.
Special tests may be made at any time upon written
request. Corrections made in readings on account of
errors in meters in excess of 2 per cent are to apply to
the previous month only.

At Cleveland and Philadelphia an arbitration board
composed of three members is specifically outlined for
the purpose of settling questions as to the meaning of
the contract. The resale of power is prohibited in
every case, and the power companies are not held re-
sponsible for nondelivery of power due to causes
beyond their control, although the railway companies
are to have rebates equivalent to the demand charge
during the period of interruption. In the Philadelphia
contract a period of 90 days is allowed to the power
company before the contract may be canceled, to per-
mit it to effect a remedy of any trouble which is cov-
ered by a decision of the arbitration board.

Purchased power in New York state.—The reports
furnished by the street railway companies of the state
of New York to the public-service commission of the
second district furnish some very interesting informa-~
tion in regard to the methods under which they pur-
chase and are supplied with electric energy. Natur-
ally, a great variety in practice is shown. Some of the
examples are cited below.

The Niagara power companies have contracts which
take such a form that current furnished on the basis of
100 per cent load factor is extraordinarily cheap. The
price of $16 per horsepower per annum at that factor
amounts to 0.245 cent per kilowatt hour. The com-
panies, however, heavily penalize any variations from
an absolutely steady load, although the price for addi-
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tional power beyond the basic payment would be con-
sidered low in almost any other part of the country.
In consequence, it is-the custom for the railways which
use Niagara power to take energy from the producer
at 100 per cent load factor, or as near to that as can be
obtained in practice. Most of them have steam plants
floating on the line to take care of peaks. The con-
tracts of the Niagara power companies generally in-
clude the term ‘‘firm power.” This term applies to
the quantity of power which the purchaser agrees to
buy, and the purchaser pays for it whether it is used
or not. In consequence, this power is used at 100 per
cent load factor. Additional firm power, or a normal
increase in the demand, is also furnished at 100 per
cent load factor. The price of additional firm power
does not necessarily agree with that charged for origi-
nal firm power, for the reason that, opposing the tend-
ency toward a decreased price on account of in-
creased quantity, there may be necessity for consider-
able additional expense on the part of the power com-
pany in providing for the increased demand, such, for
instance, as new cables, poles, or connections. Addi-
tional kilowatt hours in these contracts are sold on a
straight kilowatt-hour rate basis, and the matter of
load factor is not taken into consideration. While
this charge is often less than 1 cent per kilowatt hour,
it appears extremely high when compared with the
0.245 cent per kilowatt hour often used as a basic price
for firm power, and in localities fortunate enough to
be served by the Niagara companies there is a strong
endeavor to avoid such payments.

Following are summaries of certain power contracts
in New York state which were reported to be in exist-
ence during the year ending June 30, 1912:

Adirondack Lakes Traction Co. had a contract with Fondas
Johnstown & Gloversville Railroad for power, not measured, at $15
a da

Al%any Southern Railroad purchased 4,593,211 kilowatt hours
from its own electrical department at 0.67 cent per kilowatt hour.

Babylon Railroad has a contract, dated September 19, 1910, with
the Babylon Electric Light Co. to furnish electric energy from
July 15, 1910, to the fifteenth of each succeeding month. The
consideration is $450 for 15,000 kilowatt hours, 2.5 cents per kilowaitt
hour for each kilowatt hour in excess of 15,000 and less than 25,000,
and 2 cents per kilowatt hour for each kilowatt hour in excess of
25,000, unless the total consumption shall be less than 12,857 kilo-
waitt hours, when the rate is 3% cents for each kilowatt hour during
any one month. During the year ended June 30, 1912, 163,660
kilowatt hours were supplied at 2.9 cents per kilowatt hour. Power
is being furnished at $450 per month during the summer season
and at $375 per month during the winter season.

Buffalo & Depew Railway has a contract with the Niagara, Lock-
port & Ontario Power Co., dated January 3, 1910. Tt expires
March 1, 1930, and the considemtion is $16 per horsepower per
annum and 0.55 cent per kilowatt hour. During the year ended
June 30, 1912, 380,000 kilowatt hours were supplied at 0.549 cent
per kilowatt hour. In addition to the kilowatt hours, power was
purchased as follows: 1,366 horsepower at $16 per horsepower year,
for $21,856, plus $261 for excess peaks.

Buffalo & Lake Erie Traction Co. purchased during the year
. ended June 30, 1912, 8,954,987 kilowatt hours from the Niagara,
Lockport & Ontario Power Go., at 0.702 cent per kilowatt hour, a.nd
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also 1,465,740 kilowatt hours from the International Railway at
1.181 cents per kilowatt hour.

Buffalo & Williameville Electric Railway had a contract with
the Genesee Light & Power Co., Batavia, N. Y., under which the
first power was delivered August 2, 1909. The contract expired five
years from that date. The consideration was 3.75 cents per car-mile
with a minimum monthly rental of $250 based upon a minimum
demand of not exceeding 100 kilowatts. The company also has a
contract with the Niagara, Lockport & Ontario Power Co., dated
Maxrch 18, 1910, and expiring 10 years from May 1, 1910. The con-
sideration for each electric horsepower delivered is $16 per year as
the service charge and, in addition, 0.55 cent for each kilowatt hour
used when the firm power is less than 300 horsepower, 0.5 cent for
each kilowatt hour used when the firm power is 300 horsepower or
more but less than 500 horsepower, 0.47 cent for each kilowatt hour
used when the firm power is 500 horsepower or more but less than
750 horsepower, and 0.44 cent for each kilowatt hour nsed when the
firm power is more than 1,000 horsepower. The service charge is
based on the average of the highest daily one-minute peaics.

Catskill Traction Co. has no formal agreement, but power is
bought of the Schoharie Light & Power Co. The total number
of kilowatt hours supplied during the year was 261,400, the total
gross charge being $4,621.28, at an average net price per kilowatt
hour of 1.75 cents.

Eastern New York Railroad Co. purchased during the year ended
June 80, 1912, 202,675 kilowatt hours from the Adirondack Electric
Power Corporation at a price of 1.5 cents per kilowatt hour measured
on the alternating-current side.

Elmira, Corning & Waverly Railway purchased from the Elmira
Water, Light & Railroad Co. 1,576,514 kilowatt hours at a price of
1.5 cents per kilowatt hour. -

Trishkill Electric Railway Co. purchased 358,904 kilowatt hours
from the Southern Dutchess Gas & Electric Co. at a price of 3.5
cents per kilowatt hour.”

Hornell Traction Co. paid the Hornell Electric Jo. in the year
ended June 30, 1912, for power for city cars at a rate of $2.36 per car
per day, and for the Canisteo cars at the rate of $3.65 per car per day.

+ Hudson River & Eastern Traction Co. was supplied with 802,830
kilowatt hours by the Northern Westchester Lighting Co., the rate
being 2.5 cents per kilowatt hour.

Ithaca Street Railway Co. pays the Remington Salt Co. for such
quantities of electricity as it may require at the rate of 1 cent per
kilowatt hour for alternating current at the switchboard of the gen~
erating station. In addition to this, the railway company pays one~
half of thelabor cost in the engine room of the power station, amount-
ing to $167 per month.

Lima-Honeoye Light & Railroad Co. purchased from the Livings-
ton Niagara Power Co. 172,172 kilowatt hours at 8.14 cents per kilo-
watt hour.

New York & Stamford Railway Co. paid the New York, New
Haven & Hartford Railroad Co. for 155,740 kilowatt hours at a rate
of 1.25 cents per kilowatt hour.

New York Central & Hudson River Railroad Co. paid the Roch~
ester, Syracuse & Eastern Railroad Co. for power at a rate of 2
cents per kilowatt hour, $1,119.50 for 55,975 kilowatt hours.

New York State Railways bought of the Rochester Railway &
Light Co. 45,442,298 kilowatt hours at 1.0942 cents per kilowatt
hour, amounting to $497,222.50.

Northport Traction Co. has no contracts or agreements, but pur-
chased of the Long Island Railroad 63,546 kilowatt.hours at a rate
of 5.52 cents per kilowatt hour, amounting to $3,509.61.

Orange County Traction Co. purchased from the Central Hudson
Gas & Electric Co. 254,370 kilowatt hours, costing $4,425.12, at a
rate of 1.78 cents per kilowatt hour. The company also purchased
from the Walkill Power Co. 674,158 kilowatt hours, costing $8,425.85,
at a rate of 1.25 cents per kilowatt hour.

Otsego & Herkimer Railroad Co. purchased of the Hartwick
Power Co. 3,909,979 kilowatt hours at a rate of 1.67 cents per kilo-
watt hour, amounting to $65,435.05.
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Plattsburgh Traction Co. purchased power from the Plattsburgh
Gas & Electric Co.at 1.5 cents per car-mile operated, the kilowatt
hours not being measured. The cost for the year was $2,265.04.

Several other similar instances in the state could be
cited.

Purchased power for operation of Pennsylvania
Railroad suburban lines.—The Pennsylvania Railroad
has announced that the contract for the electrical
energy for the electrification of its lines between
Broad Street Station and Paoli, and also between
Broad Street Station and Chestnut Hill, has been
made with the Philadelphia Electric Co. The con-
tract is for five years. At the beginning the Penn-
sylvania Railroad will use about 5,000 horsepower, a
- minimum of 3,750 kilowatts, with a load factor of 25
per cent, being specified. The energy is to be fur-
nished for the main line to Paoli and any addition or
extension thereto, the railroad company reserving the
right to call on the Philadelphia Electric Co. for any
additional power that may be necessary for its general
system from time to time. With the completion of
the present work as planned, the Pennsylvania Rail-
road will have 32 miles of electrified lines in the Phila-
delphia suburban district. The cost of the energy to
the railroad company for the Paoli line for the first
year will be about $150,000. The Philadelphia Elec-
tric Co. now feeds a load of 35,000 horsepower daily
for the Philadelphia Rapid Transit Co.

Power rate for Puget Sound Railway.—The plans for
the electrification of the Chicago, Milwaukee & Puget
Sound Railway, from Harlowton, Mont., to Avery,
Idaho, a distance of 440 miles, include the supply of
wholesale power from the Great Falls Power Co.,
Great Falls, Mont., with plants at Rainbow Falls and
Black Eagle Falls, on the Missouri River. The rail-
way company agrees to electrify its line between
Harlowton and Deer Lodge, Mont., a distance of 238
miles, before January 1, 1918, and also agrees to buy
from the power company electric energy at the rate
of 10,000 kilowatts, maximum demand, for the full
period of the 99-year agreement, but two years’
notice will be given the power company that delivery
must commence. The railway company has several
options for more power up to a total of 25,000 kilo-
watts, maximum demand, the agreement as to this
additional demand being as follows: Not less than
4,000 kilowatts nor more than 8,000 kilowatts, if
called for prior to January 1, 1923; not less than 3,500
kilowatts nor more than 7,000 kilowatts, if called for
at any time between January 1, 1918, and January 1,
1928, and if at least 6,300 kilowatts additional has been
called for prior to January 1,1923. Additional energy,
when once called for as above, will be supplied for the
entire remaining term of the contract. Delivery of
energy will be made to not more than five stations
between Deer Lodge and Harlowton, at 50,000 volts
or 100,000 volts, 3-phase, 60-cycle, alternating cur-
rent. The railway substations are to contain suffi-
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cient synchronous machinery to secure a power factor,
leading or lagging, of at least 80 per cent. Twelve
months’ notice will be given the power company of
the location of the delivery points. The power com-
pany will also have the right to install regulators in
the substations for the operation of synchronous
machinery in such manner as to receive any power
factor between 80 per cent leading and 80 per cent
lagging. The rate for energy will be 5.36 mills per
kilowatt hour, subject to a minimum bill, after the first
year of service, equivalent to 60 per cent of all the
energy contracted for. The power company is also
required to pay the Federal Government a tax of 5
mills per 1,000 kilowatt hours for all energy delivered
over transmission lines crossing the public domain.
This region is mountainous, embracing some very heavy
grades, and it is estimated that electrical operation
will result in large financial saving.

LINE CONSTRUCTION.

Line-construction features.—The subject of line con-
struction has received increasing attention from street
railway companies in recent years, and its treatment
at the hands of the committee on power distribution of
the American Electric Railway Association takes the
shape of voluminous yearly reports which cover all
branches of the work. In no department has the trend
toward standardization been more strikingly mani-
fested. A great many conditions are involved in the
maintenance of overhead-line trolley service with rela-
tion to continuity of service; supply from power-trans-
mission lines; joint use of poles; overhead crossings on
steam railroad tracks or with other wire systems;
nature of poles; use of concrete, lattice, or tubular
metal poles; trolley guards; and numerous other
features of the service. These could only be dealt
with adequately by quoting in full the specifications
of the American Electric Railway Association as to
such items, constituting a formidable volume of spe-
cific data. It will be sufficient here to note some
instances of modern practice under which the indus-
try is operated. ‘ (

Probably the most important feature of all is the
safeguarding of lines which connect with outside
sources of current supply, for within city limits the
familiar methods of central poles, side brackets, and
cross suspension seem to have become thoroughly
standardized and accepted. One hears very little
about them, and there is a notable absence of discus-
sion of them in the technical press. There is a refine-
ment of method in this field, rather than any radical
change.

Transmission lines in Georgia.—An excellent ex-
ample of work in the field of power-transmission service
is furnished by the lines for the service of the Georgia
Railway & Power Co. of Atlanta, Ga., from the famous
Tallulah Falls. The energy from the Tallulah Falle
station is transmitted over a steel-tower line from
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Tallulah Falls to Atlanta, a distance of 90 miles; from
Atlanta to Lindale, a distance of 80 miles; and also
from Atlanta to Newnan, a distance of 50 miles. The
main line from Atlanta to Tallulah Falls is constructed
with six No. 0000 copper conductors and two f5-inch,
7-strand, galvanized-iron ground wires, thelatter being
mounted on the ends of cross arms at the tops of the
towers above the cross arms carrying the main lines.
The transmission lines from Atlanta to Lindale and
from Atlanta to Newnap are constructed with No. 00
copper, the same general type of construction as on the
main line prevailing. The insulators are all of the sus-
pension type, four-disk, two-part insulators being used
on the main line from Tallulah Falls to Atlanta, and
insulators with five 10-inch disks on the other circuits.
A telephone circuit of No. 4 special 30 per cent copper-
clad wire is also strung on the towers and insulated by
15,000-volt insulators. The telephone line is continu~
ous from the power house to all of the substations, and
at each interval of 4 miles a small telephone booth
supplied with a high-voltage switch, which completely
isolates the telephone apparatus when not in use, is
provided. At the various terminals and at the Boule-
vard substation in Atlanta there are located special
high-frequency or tuned telephone calling, circuits for
signaling the specific points desired without interfering
with the magneto calling systems. The telephone line
is protected by the use of horn gaps to ground on the
high-voltage side and by a new multicylinder type of
oil-filled arrester. : '

A novel method of transposition is accomplished by
having the telephone circuits placed on insulators with
pins of different heights. The wires enter the tower
in a nearly horizontal plane—one on a high pin and the
otheron alowpin; that onthehigh pin crosses diagonally
to another high pin on the far side of the tower, and
that on the low pin crosses to a low pin, the wires
clearing each other by about 5 inches. This method of
making transpositions does away with the customary
deadening of the line and connecting of opposite wires
with a jumper.

The steel transmission towers used on the line are
spaced about 17 to each 2 miles.
types, 66 feet, 70 feet, and 80 feet in height, are used,
the first for the No. 0000 copper circuits of the main
line, the second for the No. 00 circuits of the lines run-
ning to Newnan and to Lindale, and the third to carry
the high-tension and low-tension circuits around the

.outer zone of the city of Atlanta. The bases of the
towers, which are square, have side dimensions of 16
feet, 18.5 feet, and 20 feet, respectively.

The 110,000-volt wires are spaced on 9-foot centers
suspended vertically, one 3-wire circuit on each side of
the structure. The towers on the main line weigh
5,554 pounds, those on the branch lines weigh 4,721
pounds, and the special towers used around the city of
Atlanta weigh approximately 8,000 pounds. The
cross arms are of standard channel-iron section and the

Three standard
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tower legs are of angle-iron section. Special U-bolts
secure the suspension insulators to the cross arms,
The footings are made by extending the tower-corner
angles into the ground to a depth of about 7 feet, and
footing angles are bolted to the bottom ends. In addi-
tion to the standard towers, special angle towers. are
used for line angles above 10°. The latter towes
are of the same design as the standard tower, but of
heavier section, and have eccentric cross arms to take
care of clearances for angle location. These strain
towers on the main lines weigh 6,880 pounds and thoss
on the branch lines weigh 6,680 pounds. In a number
of places towers 105 feet high are used.

The towers, of which there are, all told, 1,754, were
tested for vertical, horizontal, and torsional loads
before shipment. The towers for the main lines were
designed for alongitudinal pull of 4,300 pounds at right
angles to the end of any one cross arm, a vertical load
of 1,500 pounds at the end of any or all cross arms, a
load of 1,500 pounds pulling at the top of the towerin
any direction, and a load of 10,000 pounds pulling at
right angles to the line or parallel to the cross arms; and
at the same time a pull of 8,000 pounds vertically to the
line or at right angles to the cross arms—that is, 4,000
pounds at each end of one single cross arm or at each of
any two ends of any two cross arms. The towers for the
branch lines were designed for a longitudinal pull of
3,000 pounds, a vertical load of 1,200 pounds, a load of
1,200 pounds pulling in any direction at the top of the
tower, a load of 8,000 pounds pulling at right angles to
the line, and at the same time a pull of 5,000 pounds
longitudinally to the line or at right angles to the cross
arms. The cross arms are proportioned for a combined
load of a longitudinal pulk of 3,000 pounds, a vertical
load of 1,200 pounds, and a horizontal thrust of 1,000
pounds at theends. The material used in the construc-
tion is all thoroughly galvanized, and sherardized holts
were employed in assembling the various parts.

Transmission system in Missouri.—One of the larger
interurban systems of 1912-13 is that of the Kansas
City, Clay County & St.Joseph Railway, which is a good
example of the modern method of connecting cities
electrically by trolley in face of steam competition.
There are six steam roads operating for freight and
passenger business between the terminals named, and
a seventh competitor would seem wholly superfluous,
but various advantages pertain to the electric method
for high-speed, short-route purposes. Current is re-
ceived from outside sources at 33,000 volts, 25 cycles,
being converted to 1,200-volt direct current at five
substations along the two divisions of the line. One
pole line is used to carry the trolley wire and 3-phase
transmission line, one telephone circuit, and the feeder
cable, space being allowed on the cross arms for signal
wires. The plan is such that the road may ultimately
be operated at 1,500 volts direct current, with 1,200
volts direct current for initial operation. The design
is also initially for single track, permanently located on
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the right of way as one of the tracks of a double-track
road.

In general, five-point catenary bracket construction
" is used, span construction being employed only on
~ long overhead viaducts and bridges and for short dis-
tances in thecities. Bracket construction is also used
on the 15 sidings on the St. Joseph division and the
8 sidings on the Excelsior Springs division, a line of
poles being set on the outside of the siding and oppo-
site the main line of poles. With this design, in case
the line is double-tracked the siding poles may be used
as main-line poles without change.

The pole spacing is 150 feet on tangent line and less
on curves, the distance depending upon the degree of
curvature. The accompanying table gives approxi-
mately the spacing used on curves, also span and pull-
off spacing.

TasLe SmowiNg Pore Sracing, Erc., oN DirrereENT DEGREES OF

Curves.
HANGERS.
Brackets. Degree of curve. sng%gg | steatent Sag.
’ Yo
HMERY | Puail-off,
Feet. Feet. Number. | Number. || Inches.

9 150 [ 2 P 16
12 150 4 1 16
12 135 4 1 13
12 120 4 1 10
12 105 4 1 8
12 00 2 1 ]
12 75 2 1 4
12 {10201 [ 2 2%
12 L1 | RS Bl

All sags are calculated to a temperature of 60° F.
The sags above given are from the center of the mes-
senger to the center of the trolley, equal to 22 inches at
the bracket arm. .

All poles are Michigan white cedar, those carrying
transmissionlines being 40 feet inlength and those with-
out transmission lines 35 feet in length. All poles have
a diameter of 8 inches at the top to comply with the
Northwestern Cedar Men’s Association standard speci-
fications for electric poles. As a rule, the poles were
framed before being set, and the pins and insulators
placed on the cross arms. In special instances, where
the wires pass over foreign. transmission and telephone
lines, poles having a length as great as 60 feet are used.
The following table gives the pole settings for different
lengths of poles:

35-foot poles in the ground 6 feet deep. -
40-foot poles in the ground 6 feet deep.

45-foot poles in the ground 6 feet 6 inches deep.
50-foot poles in the ground 7 feet deep.

55-foot. poles in the ground 7 feet 6 inches deep.
60-foot poles in the ground 8 feet deep.

On curves all poles are keyed with stone or timber,
and in soft ground are set in concrete at points of
special strain. Poles on bracket construction are set
with their faces a distance of 7 feet 6 inches from the
center line of the track, and on straight line they are
set with a rake of 8 feet from the track. On span

+
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construction through towns, and at other places where
such procedure was necessary, the main pole or poles
are set with a rake of 2 feet and the 35-foot poles
opposite with a rake of 4 feet. Where guying was
necessary, #-inch, 7-strand, galvanized-steel wire
having a tensile strength of 5,000 pounds was used, the
pole being protected by galvanized-iron bands where
the guy wire passes around it. Wood-strain insulators
are cut into all guy wires at a distance of 8 feet from the
pole, and the guys are anchored to §-inch by 6-foot
anchor rods, passed. through 6-inch by 8-inch by 8-foot
ties, buried 5 feet deep. All guying was done before
any strain was brought on the poles by the erection

-of any high-tension trolley or feeder wires.

The cross arms are of 'Washington fir, with dimen-
sions as follows: For the 383,000-volt, high-tension
line, 5 inches by 6 inches by 10 feet, four pin; feeder
arm, 3% inches by 44 inches by 4 feet, three pin;
telephone cross arm, 3% inches by 4% inches by 8 feet,
eight pin. Spaces have been allowed on the telephone
and feeder cross arms for the installation of signal wires.
The high-tension cross arm is placed at the top of the
pole and is braced with 1}-inch by 13-inch by #-inch
angle brace having a spread of 5 feet. The feeder
arm is placed second from the top, immediately above
the bracket arm, and the telephone arm just below
the bracket arm. On curves of 2 degrees and greater,
iron pins having a 4-inch by 7-inch shank and a 43§-
inch curved base, to fit 5-inch by 6-inch arms and ex-
tending 74 inches above the high-tension cross arms,
are used. For high-tension lines along tangent track
locust pins 13 inches over all and having a 1}-inch by
6-inch shank, to fit 33,000~volt insulators, are installed.
For the direct-current 1,200-volt feeders the company
uses 14-inch by 44-inch shanl, locust pins, 9 inches
over all, and for the telephone line 1}-inch by 4%-inch
shank, locust pins, 9 inches over all. TFor telephone
transposition, 13-inch by 43%-inch shank, locust pins,
10 inches over all, are used.

All insulators on the St. Joseph division are brown
porcelain, having a wet flash-over test of 68,000 volts
and a dry flash-over test of 90,000 volts. The high-
tension line on the Excelsior Springs division is carried
on porcelain insulators having a wet flash-over test
of 70,000 volts and a dry flash-over test of 133,000
volts. All 1,200-volt feeder insulators are designed
for a working voltage of 6,600. '

The 9-foot bracket arms are 24-inch by 2%-inch by
}-inch T-sections, with §-inch tension rods. All
brackets are black japanned. For tangent steadies
on inside curves the bracket arms are 12-foot long,
2}-inch by 23-inch by +-inch T-sections with §-inch
tension rods. These also are black japanned. The
messenger insulators are designed for a test voltage of
20,000 volts.

On span-wire construction, g-inch, 7-strand gal-
vanized-steel cable having a tensile strength of 5,000
pounds is used. This is attached to the poles with
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§-inch by 14-inch galvanized eyebolts. These eye-
bolts are placed at such a height as to allow for a dip
in the span wire of 1 foot in 10 feet, with the eyebolt
run out its full length. Wood strains are cut into
the span wire 8 feet from the trolley on either side
and into the pull-offs and bridle guides. The catenary
cable is supported at the center of the span by West-
inghouse cross-stand messenger hangers.

The catenary construction is of the single-messenger
type, the sag at the center being approximately 16
inches. The messenger is {%-inch steel strand, having
a tensile strength of 9,000 pounds and an elastic limit
of 5,300 pounds. Five-point suspension, with flexible
catenary hangers and curve pull-offs, is used.

The trolley wire used is No. 0000 B. & S. gauge, hard-
drawn standard grooved copper having a tensile
strength of 46,500 pounds per square inch. The
height of the trolley wire is 19 feet above the heads of
the rails.

The feeder wire is 500,000-circular-mil bare-stranded
copper cable, composed of 37 strands, each having
a diameter of 116.2 B. & S. gauge, concentric type.
This cable is strung the entire length of both the Ex-
celsior Springs and St. Joseph divisions. It is tied to
the insulators with No. 6 B. & S. soft-drawn copper
wire and is rope-spliced and soldered. This feeder
was erected before the bracket arms were put in posi-
tion, and is placed on the track side of the pole.

The trolley and messenger is sectioned at four
points, one being on each division to insulate the 1,200-
volt railway current from the 600-volt current of the
Union Depot Bridge & Terminal Railway, one at the
substation on the Excelsior Springs division, and one
at substation B on the St. Joseph division. Twelve-
hundred-volt section insulators are used. The feeder
is tapped into the trolley approximately three times
per mile. The taps are No. 0 B. & S. copper wire,
soldered to the feeder and run through two feed-tap
porcelain insulators and fastened to the feed-tap trolley
feeder.

Twelve-hundred-volt arresters are used for the pro-
tection from lightning of the feeder and trolley wires.
These arresters are located about five to the mile and
are so spaced as to bring an arrester on each pole where
a feed tap is located. These arresters are placed
about 17 feet above the top of the rail and each is con-
nected to the feeder wire by means of a No. 6 B. & S.
copper wire which is soldered to the No. 0 B. & S.
copper wire and is stapled to the pole with galvanized
fence staples. The end is soldered to the brass cap
of a $-inch by 7-foot galvanized-iron pipe having
& driving point placed at one end and the brass cap
at the other end. This pipe is driven directly under-
neath the lightning arrester to a depth of 6 feet,
leaving 1 foot above the ground.

The high-tension, 33,000-volt, 3-phase, 25-cycle
transmission line is carried from the Metropolitan
power house in Kansas City to the junetion transformer
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station by three 300,000-circular-mil bare-stranded
feeder cables. From the transformer to substation A
on the St. Joseph division, a distance of about 12 miles,
three No. 2 B. & S. medium hard-drawn bare copper
wires are used. These are supported on insulators
and pins as stated above and tied in with No. 6 soft-
drawn B. & S. copper tie wire. From substation A to
substation B, a distance of about 26 miles, and also
from the transformer station to substation C on the
Excelsior Springs division, three No. 4 B. & S. medium
hard-drawn bare copper wires are strung.

For the protection of the high-tension lines a No. 6
B. W. G. galvanized-steel wire is strung over the tops
of all high-tension poles. It is placed at a height of
22 inches above the top of the pole and 3 feet 6 inches
above the top of the high-tension cross arm, and
is fastened to a porcelain knob, which in tum is
bolted to a 2-inch by 2-inch by +%-inch by 3-foot
6-inch angle iron. This ground wire is grounded
approximately five times to the mile by means of No,
8 B. W. G. galvanized-steel wire, which extends down
the track side of the pole and is fastened at intervals
of 5 feet with galvanized-iron fence staples. This
wire is attached to the ground wire by wrapping and
soldering and is grounded at the base of the pole to a
$-inch by 7-foot galvanized pipe, having a driving
point and brass cap, and driven into the ground at
the base of the hole.

The telephone circuit consists of two No. 10 B. & S.
copper wires. This line is transposed every 1,000 feet,
the transposition being made on one transposition
insulator. Telephone jack boxes are placed every mile
and at all sidings for the entire length of each division.

Pacific Electric Railway catenary construction.—
During 1911 to 1913 the Pacific Electric Railway of
Los Angeles, Cal., installed over 50 miles of catenary
construction on about 40 miles of route, with the inten-
tion of making this method or type its standard on
interurban lines. The heavy service conducted by the
company makes a straight-running working conductor,
such as is furnished by a catenary overhead construe-
tion, extremely desirable, as will be seen from the state-
ment that the trains of three or more cars, each car
weighing over 80,000 pounds, are often run at speeds
on theinterurban stretches of 60 miles perhour or more,
and thatlong freight trains are operated by 60-ton loco-
motives. The amperage which is collected from the
wire at high speeds is consequently very large, and it
would probably have been impossible to collect the
requisite amount of current from the overhead system
if the company had not for a long time been using a
trolley with a pneumatic base, by means of which a
pressure of about 30 pounds is put upon the wire at
the trolley wheel. The problem of overhead collection
hag thus been greatly reduced.

In the standard pole and bracket construetion used
in the latest catenary work of the company, one sys-
tem includes a pole designed to carry also a single
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transmission line; the other, a double transmission
line. In the former case the three wires are carried in
the same horizontal plane, an arrangement which
differs from the usual triangular plan, but is considered
by the company better where the length of transmis-
sion is not too great, so that there will not be anyserious
unbalancing effect from induction. The three trans-
mission wires are carried on a single cross arm so that
they are easily accessible to the linemen. In the
second arrangement the three transmission wires are
in a vertical plane, and as the cross arms are 8 feet
in length this arrangement also permits easy access to
the wires by the linemen. In tangent catenary con-
struction the poles are spaced 150 feet apart, this dis-
tance being shortened on curves to 60 feet, even for a
1-degree curve. The transition from 150 feet to 60
feet is made gradually.

A variety of types of hangers and insulators has been
used in the catenary construction already installed,
including the Southern Pacific type of hanger with
round loop at the top and the commercial type of strap
hanger with an extended flap loop. The hangers are
spaced 15 feet apart. The company has found it
necessary to use tie spans to the trolley wire at occa-
sional intervals on tangents to bold it in position. At
present these spans are being used about every 300
feet. Otherwise the wire would cant, especially under
heavy side-wind pressure and when pressed up by the
trolley pole.. The company is constructing all of its
catenary line for 1,200 volts, because it has planned to
change gradually to thishigh voltage on the interurban
sections. It is also planning gradually to change from
the ordinary overhead construction to the catenary
construction.

In all of its overhead construction the company
treats the bases of its poles to prevent decay, the treat-
ment being applied to the portion of the pole under

the ground and for a distance of 1 foot or 2 feet above
- the ground. This corresponds to about one-seventh of
the length of the pole. The process consists of charring
the butts or portions treated over a fire made of shav-
ings, and, while the charred wood is still hot, pouring
crude oil over it. In this way charcoal forms readily,
and good penetration for the preservative material is
secured. This process is applied in the pole yards and
costs about 50 cents per pole for material and labor.
The oil used is the ordinary crude oil, which costs in
Los Ang?eles about 75 cents a barrel. After the pole is
erected it is painted.

Statistics of wooden poles.—Statistics of the number
of wooden poles purchased in the United States in 1911
by steam and electric railroads, electric light and power
companies, and telephone and telegraph companies are
presented in a bulletin issued by the Bureau of the
Census. The figures include the pole purchases of
practically all of the telephone and telegraph, electric
railroad, electric light and power, and steam railroad
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companies, and accordingly reflect very closely the
actual drain upon the pole timber forests of this
country. The bulletin was prepared under the super-
vision of 'W. M. Steuart, chlef statlstlolan for manu-
factures.

In 1911 the total purchases of poles in the United
States amounted to 3,418,020 sticks of timber; of
these, 2,402,724, or 70.3 'per cent, were purchased by
the telephone and telegraph companies; 787,649, or
23 per cent, by the electric railroad and electric light
and power companies; and 227,647, or 6.7 per cent, by
the steam railroads. The total number of poles pur-
chased represents a decrease of 452,674 as compared
with 1910, and of 320,720, as compared with 1909, but -
it exceeds the totals for 1908 and 1907 by 168,886 and
134,752, respectively. The decrease in the purchases
of 1911, as compared with 1910, was confined to tele-
phone and telegraph companies and steam railroads,
while substantial increases in purchases were reported
by the electric railroad and electnc light and power
companies.

Five kinds of wood—cedar, chestnut, oak, pine, and
cypress—supplied over 90 per cent of the pole require-
ments of the United States during each of the five years
1907-1911. Cedar, which has long been the preferred
wood for pole purposes, supplied 61.4 per cent of the
total number reported in 1911. Purchases of chestnut
increased substantially from 1908 to 1911, amounting
in the latter year to 177,440 more than in 1908. The
number of oak poles used increased rapidly from 1907
to 1910, but decreased greatly in 1911, in which year
the number reported was more than 65,000 below the
figure for 1910. The use of pine has increased but
little since 1907. The demand upon cypress has fallen
off slowly year by year, the number of cypress poles
purchased in 1911 being only about three-fourths as
great as the number purchased in 1907. This falling
off is due to the high price of cypress lumber and to the
fact that this timber is found generally in sizes too large
for poles.

The preferred species of wooden poles have the gen-
eral physical qualifications of durability in the soil,
strength, lightness, straightness, a surface which will
take climbing irons readily, and comparatively slight
taper. The various species of cedar combine these
qualities in high degree. Cedar poles are cut princi-
pally from the white cedar of the Lake states, the red
cedar of the Northwest, and the southern white cedar
of North Carolina, Virginia, and New Jersey. Chest-
nut-is cut principally in the Atlantic Coast states from
Georgia to New Hampshire. Oak, a very widely dis-
tributed species, is cut for poles chiefly in the hardwood
states of the Ohio and Mississippi Valleys. Most of
the pine reported is that commonly known as southern
yellow pine and includes several species—Ilong-leaf .
pine, short-leaf pine, loblolly pine, and some others.
Of these, the most durable is the long-leaf pine, while
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the loblolly pine gives very brief service unless it is
treated with a preservative. In the West another
species—western yellow pine—is reported, which also
requires preservative treatment.

The woods used for poles in the United States are
chiefly those which are naturally very durable in con-
tact with the soil. The life of timber under this condi-
tion varies considerably according to the species, to
differences in the wood of the same species, to the char-
acter of the soil, and to climatic conditions. Cedar,
chestnut, cypress, juniper, and redwood usually last
from 10 to 15 years, while white oak has an average life
of somewhat less than 10 years.

The resistance of the poles to decay can be consider-
ably increased by the use of preservatives. Wood
preservation is now on a firm footing in the United
States, but the advantages which this practice affords
are by no means fully utilized by the pole consumers.
Preservatives not only add from 3 to 15 or more years
to the service of the woods now commonly used for
poles, but also make it possible to use cheaper woods
which in their natural condition lack durability in the
soil, although possessing all the other qualities neces-
sary in pole timber. The durability of woods which
ordinarily last but a few years can thus be increased to
more than double the normal life of cedar.

The principal preservatives used for treating poles
are those classified as refined coal-tar oils. Under
this heading are included creosote oil and various pro-
prietary preservatives. Creosote oil was wused in
treating 159,321 poles, of which 50,021 were cedar and
83,035 yellow pine. The cost of treating poles varies
according to the wood treated, the kind of preserva-
tive and quantity used, and the process employed, but
it is only in rare instances that the adoption of a pole-
treating policy is not economical. During 1911,
656,504 poles were reported as having had some kind of
preservative treatment. This number exceeded the
total for 1907 by 260,305, that for 1908 by 312,116, and
that for 1909 by 79,873, but was less by 168,169 than
the number reported as having been treated in 1910.

The following statement shows, by varieties of wood,
the number of poles purchased in each year from 1907
to 1911, inclusive:

EIND OF 'WOOD 1911 1910 1909 1908 1907

Total..cvavninannes 38,418,020 | 3,870,004 | 3.738,740 | 3,249,154 | 3,283,268
(0716121 S, 2,100, 144 | 2,431,567 | 2,439,825 | 2,200,139 | 2,109,477
Chestnut ceeeeao..] 693,489 677,517 608,066 516,049 630,282
Osk........ 199, 6590 265, 290 236, 842 160, 702 76,450
Pine.. 161, 690 184, 677 179, 586 116,749 155, 960
Cyp_ress 72,995 75,459 7,677 90, 57 100, 368
Juniper. 27, 847 20,042 43, 581 42, 367 38,925
Redwood 26, 887 30, 421 23, 145 13, 061 31,469
Douglas fir.. 24,833 56,732 24,877 9, 542 15,919
Tamarack..... 23, 543 30, 964 20, 889 24,123 13,884
Ogage orange. . 21,101 23,221 21,491 18,109 5,062
Spruce......... s 10, 166 22,929 11,423 8,083 10, 646
TS b1 8,477 9,030 10,463 10,224 4,672
Alother....cccuieenanans 47,258 42,845 31,875 29,422 89, 254

Employment of concrete poles—The last few years
have seen a marked increase in the use of concrete
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poles and in the attention given to them by street
railway managers as a substitute for both wooden and
metal poles. An example is furnished by the New
York State Railways, which, during 1910, 1911, and
1912, utilized these poles on a large scale and estab-
lished a plant for their production with a capacity of
10 to 15 poles per day. These poles are cast in timber
molds of the usual type. The specification as to
material is as follows:

Before casting poles, oil form inside with a mixture of one part
black oil and one part gasoline. - This oiling to be done immedi-
ately before casting pole.

The concrete mixture to be formed from one part cement, two
partssand, and two parts stone, measurement to be made by volume.

All stone used to be clean and free from. loam or dirt. Thoroughly
wet the stone in the pile before mixing.

Sand to be free from loam or dirt. Place the proper amount of
sand on the mixing board and spread out to a thickness of 4 inches.
On this sand place the cement and turn both three times, after
which apply the water and turn so that the mass is entirely wet.
Spread out this mortar again in a 4-inch layer and dump the stone
in another layer on top. Turn the mortar and stone until mortar
and stone are thoroughly intermixed. The concrete mixture must
not be left on the board long enough to require retempering, but
should be placed in the forms at once.

In placing the reinforcing rods great care must be used properly
to locate the same and maintain in the proper position.

The time of removing of side forms and moving of pole to storage
will vary with the weather, but in no case shall a pole be lifted until
96 hours have elapsed after casting. After removal from the forms
the pole shall be painted with a mixture of one part cement and one
part sand, the pole being wet before the application of this paint,

Remember that a crack formed in & pole by handling too green,
can not be healed. _

In the storage and shipping of poles 2-inch cleats must be placed
between the separate horizontal layers of poles to allow attachment
of clamps for handling.

Four standard types of poles are made: One with
7-inch top, 30 feet long, being the standard trolley pole
for city construction, either bracket or span; one with
7-inch top, 35 feet long, for interurban trolley lines;
one with 8-inch top, 30 feet long, for heavy city service;
and one with 8-inch top, 45 feet long, for feeder lines.
The standard 30-foot pole weighs approximately 3,200
pounds and costs complete, including all material,
labor, and maintenance charges, $12.03 at the yard.
This pole is designed to take the place of the steel
tubular pole costing about $35.

The standard 7-inch, 30-foot pole has reinforcing as
follows: Twisted steel rods placed about 1 inch from
the surface—four § inch by 29 feet, four } inch by 23
feet, four % inch by 16 feet, and four % inch by § fect.
The poles with, 8-inch. tops have the same arrangement
of rods, all § inch instead of 4 inch. The longer poles
have the rods lengthened at the top ends. Altogether
the New York State Railways, Utica-Syracuse lines,
had some 1,400 of these reinforced-concrete poles in use
at the end of 1913 on their various city and suburban
lines, and tests made as late as March 12, 1914, showed
that the standard types and methods of construction
needed no change to give greater strength of perma-
nence.
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Concrete-pole tests.—Some interesting tests were re-
ported on concrete polesfrom Oklahoma City, Okla., and
Nashville, Tenxn., early in 1914, in regard to solid and
reinforced poles and the best placing of reinforcement.
Six poles each were tested by the Oklahoma Gas &
Electric Co. at Oklahoma City, and the Nash-
ville Railway & Light Co. at Nashville. The con-
crete for all poles was in the proportions 1:2:3%,
and high-carbon square cold-twisted steel bars of
50,000 pounds per square inch elastic limit were used
for reinforcing. The rods were bent to insure good
bonding. The poles were molded in wooden forms by
men experienced in concrete work but not especially
trained for pole making, so as to duplicate field con-
ditions. The hollow poles were made with sectional
tapered sheet-iron cones.

At Oklahoma City the pull was applied by means of
a cable fastened to the pole 6 inches below the top
and passing through a block attached to a neighboring
gas-tank frame. A coal car was attached to the free
end of the cable and loaded with sacks of sand. At
the ground line the poles butted against a heavy,
rounded-end timber braced against the bank, with
another timber, renewed for each test, braced against
the butt. At Nashville a cable was attached 1 foot
from the top of the pole and passed through a
block at the top of & guyed mast. The pull was ap-
plied by a hoisting crab and measured by means of a
pair of dynamometers. Here the poles were braced at
the ground line and concrete footings were placed
around the butts. Deflections were measured by
means of a rule at Oklahoma City and by rule and
plumb bob at Nashville. Poles were tested to destruc-
tion in all cases.

The general conclusion was that hollow poles are not
successful in resisting shearing forces from the ground
line down, as all showed shearing failure in this region.
After failure the tendency of the concrete on the com-
pression side was to slide by that on the tension side,
causing a shearing action in the side walls. Inasmuch
as hollow poles are more expensive than solid ones and
are more difficult to make, and as they are not much
lighter for equal strength, their use is not advised.
Poles having few bars with some butt reinforcement
were shown to be preferable.

At Nashville the tests showed that a safety factor
of 2 is obtained when 1,200 pounds per square inch
unit stress is allowed for 1:2:3% concrete and
30,000 pounds per square inch for high-carbon steel.
The average calculated breaking load (straight-line
formula used) for four hollow poles was 2,375 pounds,
and the actual breaking load was 1,557 pounds ap-
plied 6 inches from the top. Five of the solid poles
had caleulated average breaking loads of 3,500
pounds, while the actual breaking load was 3,610
pounds.

Trolley brackets on buildings.—One of the noticeable
differences in practice hitherto between trolley lines
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in American city streets and those of the Old World
has been the attachment of trolley span wires by
plaques or brackets to buildings in European cities,
thus dispensing entirely with poles. One of the
leading reasons for this difference has been that in
Europe the streets through which many of the trolley
lines run are very narrow, permitting only one track
and affording no foothold for poles. In America the
average streets are much wider, and poles can be
planted without any real interference with the travel
of pedestrians or vehicles. There is also understood
to be an objection in America on the part of fire
insurance companies to the plan of building attach-
ment. The statistics of the relative inflammability
of European and American buildings would appear
to warrant this objection, but it is obvious that
better methods of installing and insulating lines
would overcome it. During the period .1907-1912
there was a marked tendency in some places to clear
the streets of poles and to try out the European
method. Two instances may be cited. Under the
direction of the board of public safety of Fort Wayne,
Ind., a movement has been in progress for some time
to remove all unnecessary poles and wires from impor-
tant streets in the business district, and this is working
‘out in a very satisfactory way both to the property
owners and to the Fort Wayne & Northern Indiana
Traction Co., which operates the local street railway
system. Several years ago the board of public safety
made arrangements with the owners of property on
Calhoun Street, the principal business thoroughfare, by
which the railway company was granted easements to
attach its span wires to buildings, thus doing away with
the necessity for poles for span wires. Rights were
also secured for running feeder wires in some instances
underground and in some cases down alleys. As a
result, span wires were attached to buildings and
poles taken down for a distance of a mile on Calhoun
Street, greatly improving the appearance of the street.
As a matter of protection to the company, papers were
signed by the property owners relieving the company
from any liability for possible damage to buildings as
the result of strain imposed by span wires. The com-
pany was pub to no expense for this innovation except
the expense of making the change. These span wires
were attached to the buildings by means of expansion
corrugated iron sleeves, which are embedded in the
walls to a depth of about 6 or 8 inches.

The other example is that of the Tri-City Railway
of Davenport, Iowa. To eliminate pole construction
in front of retail stores, the company has developed a
method of attaching span wires to the faces of the
buildings. This plan is followed generally where the
owner of the building requests that it shall be done.
The hole in which the eyebolt is inserted is drilled in-
the wall of the building with a 2-inch pipe drill at an:
angle of about 96 degrees and to a depth of from 10
inches to 12 inches, according to the length of the
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eyebolt. A fire-clay mold is then used, placed so as
to hold the eyebolt in the center of the hole and to
prevent the melted sulphur which is poured into the
hole from running down the side of the wall. After
the sulphur has cooled the mold is removed, and the
sulphur, which is made flush with the surface of the
wall, is then painted. Eyebolts are placed in the
columns of brick walls in the same way. :

Combination trolley. and lghting poles.—Another
effort toward the diminution of the number of poles
on the streets is seen in the various efforts made to
carry street lights on the trolley lines. An excellent
illustration is afforded by Niagara Falls, N. Y. The
International Railway, of Buffalo, N. Y., recently
made an installation of combination lighting and
trolley poles on the main street of the city of Niagara
Falls under somewhat unusual circumstances. The
poles, which were purchased by the city, are provided
with slots below the ground line so that if desired in
the future the feeders now carried upon them may be
placed in conduit below sidewalk level. The material
used in the pole construction is 7-inch, 6-inch, and
5-inch standard-weight tubing. The poles were in-
stalled on Falls Street in accordance with a plan for
lighting which had been under consideration in

Niagara Falls for many years and which was crystal-
lized by a comparatively recent offer of the Hydraulic
Power Co. to furnish free electric current for the
lighting system. Early last June the city asked the
president of the International Railway Co. if the
trolley poles could not be removed from the street in
furtherance of the plan. He consented not only to
remove the trolley poles but to place the new poles for
the city and to transfer the trolley wires and feeders
to them without charge. The work of installation
was begun in August, 1913, and was completed inside
of three months.

The installation consists of 112 poles, each of which
is equipped with a double bracket for supporting a
pair of inverted arc lamps of about 800 candlepower
each. The poles are spaced at 70-foot intervals,
thus giving one of the best street-illuminating systems
in the country.

ADVANCES AND CHANGES IN STREET CARS.

No more startling changes in the street railway in-
dustry have been shown in years than those in its
cars. In the effort to deal with problems of con-
gestion, low rates of fare, public convenience in en-
tering and leaving cars, the full collection of fares,
and safety in operation, an extraordinary number of
new types have been evolved, each with its special

merits, but many of which must undoubtedly dis-

appear from service. The year 1912 was particularly
marked by an outburst of originality in this respect,and
probably no previous period in street railway history
showed so many innovations. Some of these will be
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noted. The modern stimulus in car design for city
service may be said to have begun with the successful
demonstration of the pay-as-you-enter car, which
originated in Montreal and was shown first in the
United States at the Columbus convention of the
American Electric Railway Association in 1906,
The prepayment plan may now be considered as a
permanent feature of city car design. The develop-
ments in 1912 were in the extension of this prin-
ciple to center entrances, with an increase in accessi-
bility to the car, in greater attention to safety features,
and in renewed use of one-man cars. Early in 1912
came first the New York “stepless car” with a body
hanging near the ground between the trucks, and then
the low center-entrance cars of Brooklyn and Washing-
ton and the center-entrance, end-exit car of San Diegp.
These were accompanied by the ‘‘low-floor” car of
Pittsburgh, in which 24-inch wheels and small motors
eliminated one step and reduced the weight to an
unprecedented figure. As soon as the success of the
low-level cars of New York and Pittsburgh was
assured, the trial of double-deck cars based on these
designs became almost obvious, and during 1913
cars of this type were placed upon the street almost
simultaneously in the two cities. In the meantime,
also, the ““near-side’’ principle, developed during 1911,
had been applied to one-man cars, thus supplying a
need for light-traffic service which had existed, but
had been neglected, since the bobtail horse car dis-
appeared. During 1912 also there was under construe-
tion and trial the most extraordinary development of
allthe “articulated” car of Boston, consisting of two
old single-truck cars set end to end and flexibly con-
nected by a low-hanging vestibule with center side
doors. Lastamong theradical designs of the year came
the storage-battery ‘““stepless” type, a four-wheeled
car without a truck frame and of extremely light
weight. :

With one exception, all of the center-entrance cars
were developed primarily to provide easier access for
passengers by a reduction in step heights, with the
exceedingly important indirect benefit of decreasing
the time of passenger movement, thus permitting
faster schedules. Most of the cars mentioned have
demonstrated their obvious advantages, namely,
increased seating capacity, greater accessibility to
all seats, and increased safety of operation.

The articulated car is primarily adapted to the
rebuilding of old equipment, and provides an answer
to the question as to what disposition can be made
of old rolling stock rendered obsolete by the intro-
duction of the new types. The double-deck designs
of New York and Pittsburgh also have not apparently
arrived at the stage where their merit insures a ges-
eral adoption. Climate comes in to some extent in
determining their field of use. The Pittsburgh car,
however, has been reported to be a thorough success
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for handling crowds going to parks or games and
caring for rush-hour trafic from factories; and a
duplicate of the New York car has been ordered for
Columbus, Ohkio. Both double-deck cars are, of
course, of recent construction, and the opportunity
for trial has been limited.

The new types of cars for interurban service and for
heavy electric traction are less numerous and less
divergent from previous types. The steel cars of the
Cambridge Subway probably show a greater departure
from generally accepted standards than any of the
other large cars of the year. They are equipped with
three side doors, and the usual platforms, bulkheads,
and platform doors have been eliminated. One of the
doors is located at the center of the car, and the other
two are approximately over the trucks. This plan
divides the car into four sections and gives, in the
longer car, the same effect as the center entrance so
notable in the new designs for city service.

In general, the use of steel for car bodies has shown
o marked increase. All except two of the new types
of city cars have depended upon the girder effect of
the side sheathing between belt rail and sills to sup-
port the load, the strains being carried around the
doorway by heavy reinforcement, and it is manifest

“that this construction is to be perpetuated. In fact,
with tho existing demand for light-weight cars, such
a form of steel construction seems to be obligatory, as
the low records for weight established during the
year were obtained through its use. For the same
reason it would seem that the adoption of wheels of
small diametor would become general in slow-speed
service, as their practicability has been thoroughly
demonstrated.

Double-deck Pittsburgh cars.—These cars in use on
the Pittsburgh railways are intended not only for
special service to parks, ball games, ete., but for regular
runs on one of the city lines. On this line, however, 75
per cent of the passengers are loaded at five points in
the central part of the city. Contrary to the some-
what prevalent belief that the double-deck design
involves an enormously high first cost, the quotations
which were made for the five cars were found to.be
exceedingly low considering the increase in seating
capacity. In fact, the actual price paid for each
amounted only to approximately $1,500 more than the
cost of a standard single-deck car.

The cars are carried on small wheels to permit the
use of a low main floor which is only 28§ inches above
the rail. The center portion of the main floor is de-
pressed to form & well from which the stairs extend to
the upper deck and which also provides space for sepa-
rate entrance and exit doors. The two stairways are
located on both sides of the car, but face in opposite
directions, the exit stairway having its floor alongsgle
of the front doorway, which is used only as an exit.
The stairway for ascending passengers is, in conse-
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quence, on the opposite side of the car from the door
which is used as an entrance, and the fare box, behind
which the conductor is stationed, is near the foot of this
stairway. This arrangement provides a loading space
having a length of approximately three-fourths of the
width of the car, and gives room for about eight enter-
ing passengers between the door and the fare box.

The seats on the upper deck are longitudinal and are
arranged back to back in the center of the car, the space
underneath the seats providing a clear head room for
the first floor of 6 feet 4 inch. These seats are curved
outward at the ends of the car so that head room for
the motorman on the lower deck is provided across
the full width of each end. In consequence, the motor-
man can stand erect on the lower deck without having
his movements restricted.

The over-all length of the car is 47 feet 2 inches, and
the width is 7 feet 10 inches, both dimensions being

~approximately standard with the newer single-deck

cars of the Pittsburgh railways. This makes the cars
shorter but wider than.the original, which was built,
in the railway company’s shop by fastening two small
cars end to end and putting a second deck over them.
The trucks are set on 22-foot 2-inch centers, and each
end of the car is in consequence almost exactly bal-
anced over one of the truckss The over-all height is
13 feet 8 inches, 9 inches less than that of the original,
and the clear heights for the upper and lower decks are,
respectively, 6 feet and 6 feet 4 inch. The head
room at the central wall is 6 feet 3 inches.

The center part of the roof is made 4 inches higher
than at the ends, since at the middle section of the car,
which is occupied by the well, it is necessary to have a
clear head room of at least 6 feet over the full width
of the car for both decks. Except at the central well,
however, this is not necessary, as the clear head room
has to be maintained only in the aisles, and at the sides
of the upper deck the floor is depressed 4% inches to
form a walling space in front of the longitudinal upper-
deck seats. The depressed ends of the roof have been
provided in order to permit the trolley pole to swing
out over the edge of the roof on a curve under a low
bridge, and also to permit the installation of roof
ventilators without adding to the over-all height of
the car.

Practically the whole side of the car is designed to
act as o beam and the entire weight of the car is sup-
ported by this, no underframing being used outside of
the two center sills for transmitting pushing and pull-
ing strains. The portion of the car siding which car-
ries out this beam action extends up to the window sills
on the second floor. The body bolsters which. trans-
mit the load from the sides to the truck center plates

| are made up of pressed shapes to form a box girder.

The center sills, which serve only as a means to absorb
pushing and pulling strains, are made up of two 4-inch
channels set with the flanges vertical. At a point on
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either side of each bolster these two channels diverge,
extending at a 45° angle to the ends of the bolsters
to take up any tendency of the frame to rack. In the
center portion of the car, where they are again brought
parallel and close together, they are bent downward
under the central well and assist in supporting its floor.
Floor beams complete the framing. &

The seats on the lower deck are in general trans-
verse, and those on the upper deck are set longitudi-
nally to provide head room in the aisles for the first
story. Additional seats are, however, provided where-
ever space for them exists. Thus on the lower deck
two semicircular seats for five passengers each are
placed at either end of the car and four single seats
next to the well. Four longitudinal folding seats are
provided in the center well, of which two, seating
two persons each, are located on the blind side of the

~car opposite the doors. The other two, one alongside
each stairway, seat three passengers each, but only
one of these seats is used at one time. The semicircu-
lar end seats at the extreme ends of the car are sta-
tionary, and the one which is at the rear of the car is
used to seat passengers, the one at the front being used
to provide a space for the controller and brake handles,
as described later.
- On the upper deck, in addition to the longitudinal
seats, there are two transverse seats, each seating two
persons, at the ends of the stair wells. These, together
with the longitudinal seats, provide a seating capacity
for 56 persons on the upper deck, and as the lower deck
will accommodate 54 passengers, the total seating
capacity of the caris 110. The weight of the car com-
pletely equipped is 38,700 pounds, or only 352 pounds
per seat.
. The separation of the entrance and exit doors by a
distance of approximately 7 feet has been found to be
very effective in separating incoming and outgoing
crowds of people, and accounts to a considerable
extent for the rapidity with which passengers have
been handled.

One of the schemes for avoiding delay in unloading
passengers from the upper deck is the elimination of
the usual push buttons from that floor. There is,
however, a push button at the head of the exit stairs,
and signs are prominently displayed to call attention
to its location. Upper-deck passengers are therefore
required to be ready to descend the exit stairs before
they can signal the car to stop, and, as both the

 motorman and conductor control the exit door and see
the feet. of any descending passenger, the chance of
carrying anyone past his destination is slight.

The depressed portion of the lower deck which forms
the center well reduces the height of the step from the
ground into the car to 13} inches. From the doorways
there is a slight slope upward to the center line of the
car amounting to about 1% inches, formed by gradually
increasing the thickness of the floor strips, a safety tread
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being provided at the edge of the step. From the well
to the main floor of the lower deck there is a step of 12
inches, and a short ramp 2 feet long gives an additionsl
rise of 2 inches, bringing the main floor to a height of
28% inches above therail. Access to the upper deckis
effected by a series of eight 9-inch steps which start
from a small landing 5% inches above the floor of the
well. These stairs are restricted in width to 18 inches
in order to prevent any possibility of double lines of
passengers either ascending or descending, as the fact
that the stairs are used only in one direction obviates
any necessity for crowding or passing by passengers
while on them. Passengers thus have an opportunity
to use handholds on both sides of the stairs if the
necessity arises, and this minimizes any tendency
toward intecior accidents due to the presence of the
stairs. ~

The doors are pneumatically operated by the system
which has been made standard in Pittsburgh, except
that owing to the restricted headroom the apparatus
has been reduced in size so that the mechanism takes
up no more space than the channels which support the
floor. With this device each doorway is provided with
two doors, each one of which is equipped with roller
supports and guides to define its movement. At the
side of the door near the doorpost there is a pin sliding
in a guide extending straight inward from the doorpost,
so that the outer edge of the door is compelled to
travel straight in and out. At a point about one-third
of the width of the door from the other edge is another
pin which slides in a straight groove, making an angle
of about 30 degrees with the plane of the doorway, and
this compels this edge of the door to travel across the
doorway as would a sliding door. The result of the
combined movement of both ends is to make the door
as a whole slide into open position around a sharp
curve, taking its open position at right angles to the
doorway and in line with the doorpost. The two doors
in each doorway are mutually operated by means of &
simple bell-crank arrangement.

The car is equipped with the ‘“low-floor’’ type of
truck with 24-inch wheels and small motors. Four
motors are used, and for their operation a novel form of
control has been developed. The master controllerisso
small that it is placed under the semicircular end seat
which is located at each end of the car. Passengerssit
immediately over the controller, so that no space is lost
on account of its presence at the rear end of the car.
When the controller handle and brake handle are
removed from their shafts, no space is occupied outside |
of the vertical partitions installed on the end seats and
which really serve as spacers to prevent any passenger

from occupying more than a fair share of the seat.

Another novel feature of the car is the provision for
keeping all parts of the trolley pole and harp below the
high point of the roof, which enables the trolley to pass
any overhead structures under which the car itself will
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go. This is effected by mounting the trolley harp and
pole in a depression along the center line of the roof,
which extends from a point slightly ahead of each
truck center to the end of the car. As this depression
follows the center line and is only 2 feet 6 inches wide,
it does not decrease the head room except within a
space extending over the longitudinal seats of the
upper deck. In this space, of course, no necessity
exists for full head room, because the passengers have
no chance to stand upright when they are under it.

Stepless double-deck cars in Columbus, Ohio—The
street railway situation in Columbus differs from that
in any other American c¢ity in having only one
street along which there is traffic congestion. Into
the electric railway cars that traverse this street there
crowd during the rush hours almost all the persons in
Columbus who want to ride to or from their homes and
places of business.! During the morning and evening
rush hours, traffic congestion in High Street throws all
the traction lines of the Columbus Railway, Power &
Light Co. off schedule, since 10 out of the 16 routes
operated by the company converge on that thorough-
fare through its busiest section—Broad Street to Long
Street—a distance of only two blocks. In an effort to
relieve this congestion, several years ago, the company
got permission from the municipal authorities to re-
route some of the lines so that they traversed the next
parallel streets east and west of congested High Street.
The riding public, however, had become so accus-
tomed to ‘“taking the High Street cars’ that it re-
fused to violate traditions and declined to patronize
any other line. So the relief plan was abandoned.
The situation which confronts the company has be-
come more serious each year. Two-car train opera-
tion was recently tried, but this did not prove satis-
factory, because of delays due to long stops. Again,
the operating expenses of the two-car plan were
considered too large, since, with seating capacity for
only 80 passengers, the train required a crew of from
three to four men to operate it. The Columbus Rail-
way, Power & Light Co. operates under a franchise
which demands next to the lowest unit fare charged
by any company in the country. It is obliged to fur-
nish eight tickets for a quarter, with free transfers.
It became imperative, therefore, to provide a car hav-
ing the largest carrying capacity, coupled with the
greatest degree of efficiency; and the low-level, stepless,
double-deck car was decided upon as the type which
most nearly met the requirements.

The reasons for choosing double-deck operation are
contained in the following comparative table, which
contrasts the double-deck car with other types in
respect to operating expenses, initial cost, and carry-
ing capacity.

1 Electric Railway Journal, Mar. 14, 1914,
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CompArison Smowine CosT AND Errrciency oF DIFrERENT TYPES
or OpEmrATING UNITS.
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Cost of equipment (estimated).......... $6,500 | $4,903 | $9,933 | $8,773 | $7,203
Seated passengers. ...ooveeeraeeaiaan... 83 40 80 80 100
Seated and standing passengers......... 171 100 200 200 210
Total weight without passenger load,

e T 46,000 | 85,773 | 71,546 | 68,200 | 61,773
Depreciation per train-mile, conts....... 1.100 | 0.830 | 1.881 |1.485 | 1.219
Cost of energy per kilowatt hour, cents..| 1.602 | 1.144 |2.288 | 2.038 1.976
Maintenance per mils, cents............. 2.058 | 1.470 | 2.940 | 2.940 2.940
Platform wages per mile, cents..........| 5. 5.227 | 7.841 | 7.841 7.84L
Total cost per train-mile, cents.......... . 9.526 [16.483 [15.835 | 15.232
Cost_per passenger capacity per train-

mile, cents. .. ceeit i 0.0650 | 0.0952 | 0.0824 | 0.0792 | 0.0725

The contrast with the single-ended combinations
does not mean much so far as Columbus is concerned,
since there are very few loops there. It is only when
loops are numerous that this scheme of operation can
be used economically, because without loops annoying
delays result from switching movements at terminals.

It will be noted also that the wages paid the con-
ductor and motorman on the new double-deck car are
the same as those for the single-motor cars and repre-
sent a much smaller outlay than the sums paid to oper-
ators of the other types. The cost per passenger
capacity per train-mile is lower than that for any of
the other contrasted types. )

Selection of the double-deck car was also influenced
by these economic features: Additional safety to pas-
sengers by elimination of dangers incident to entrance
and exit; greater convenience in entering and leaving
car; improvement in working conditions of motormen
and conductors; better sanitation through scientific
ventilation; elimination of dangers due to premature
starting of cars, since they can not start until the doors
have been shut; greater facilities for passengers who
want to smoke; traffic congestion reduced by increase
of almost 100 per cent in carrying capacity per foot
of street occupied; decreased maintenance and opera-~
ting expenses in the handling of passengers.

The new double-deck car is 45 feet 6 inches long
over all, having an extreme width over the belt rails
and eaves of 8 feet 3 inches. The over-all height from
top of rail is 13 feet 2% inches. The trucks are at
29-foot centers. The framing throughout is of rolled-
steel or pressed-steel sections.

The lower-deck floor extends from the center of the
car to the edges of the semicircular seats at each end,
rising slightly from the center to clear the truck axles.
The space underneath the end and cross seats is not
floored, and the wheels and truck frames extend up
under these seats. This arrangement permits the
truck to swing sufficiently to pass around a curve with
a minimum radius of 37 feet.
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The upper deck extends only between the bulk-
heads which separate the motorman’s cabs from the
seating space of the lower deck. The stairways are
at the extreme ends. Each stairway extends up vylth
three steps to & platform and branches to the right
and left with four more steps to reach the Walkway. of
the upper deck. The stairways are provided with
hand rails. )

The walkway of the upper deck extends entirely
around the car except at the stair wells and is 5 feet 1%
inches above the floor at the semicircular end seats of
the lower deck. The floor at this point is 19 inches
above the rail, and is reached by a ramp from the
floor level at the entrance doors. The floor at the
entrance is 11 inches above the rail. The upper walk-
way extends over the longitudinal seats of the lower
deck, and, since for this reason it is unnecessary to
have it high enough to permit a man to stand erect, it
is only 6 feet 8% inches above the track rails. The
seats on the upper deck dre placed at the proper ele-
vation to provide ample head room along the center
aisle of the lower deck, and are so high that it is neces-
sary to provide a footboard 'along the full lengths of
the seats, which, in giving space for passengers’ feet,
keeps them from blocking the walkway.

The upper deck is closed in winter and is opened dur-
ing the summer months by taking out the removable
sash and sections of sheathing. The ends of the upper
deck are protected against the weather by extension
of the first-floor bulkheads, and are fitted with outward-
swinging windows.

Safety treads are used at the center doorways and at
the doorways of the motorman’s cabs, and narrow
sections of this tread are used to face the stairway
steps and the front edge of the upper-deck footboards.

The car is equipped with maximum-traction trucks
of the low-bolster type with outer bolster bearings
outside of truck side frames. The driving wheels are 33
inches and the pony wheels 18 inches in diameter.
The truck wheel base is 5 feet. The brakes are the
inside type. Iach truck is designed to receive one
outside-hung motor.

The seats of both decks are longitudinal except for
the semicircular seats and the two cross seats at each
end of the lower deck. The seats on the upper deck
are set back to back, and the feet of the passengers
seated on them are almost directly over the heads of
the passengers who are seated on the longitudinal
seats of the lower deck. The latter seats extend from
the center entrance space to the end wells of the car.
At the end of these seats are two permanent cross
seats. The semicircular end seats extend from the
cross seats around the end wells. All seats are rattan.

On the basis of 17 inches per passenger, the upper
deck will seat 42 passengers and the lower 41, making a
total of 83. It is estimated that the car will accom-
modate 171 seated and standing passengers. The
total weight of the car completely equipped is approxi-
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mately 46,000 pounds, giving a weight per seated
passenger of 554.2 pounds and a weight per passenger,
standing and seated, of 269 pounds. ‘

The entrance and exit are by the center side doors,
These doors are made in halves. The total door
width is 50 inches, divided into two passages by a rail
50 that two streams of passengers may leave or enter
the car at once. The doors are electropneumatically
operated and are controlled by the conductor.

The entire center of the car for a width of 50 inches is
devoted to receiving and discharging passengers. The
conductor is seated on a folding seat along the unused
center door, and before him is a swinging change desk.
Space for 10 passengers. is provided on the loading
platform. Entering passengers line up before this
desk, and after depositing their fares in the fare box
pass on toward the seats and stairways at both ends
of the car.

A forced-draft ventilator system is provided for the
ventilation of both decks. Thefoul air is drawn through
ventilators which are placed along the center lines of
the ceilings of both decks and is carried along longi-
tudinal ducts to the motor-operated fan at the end of
the car, where it is discharged. The duct for the
lower deck is carried between the seat backs of the
upper deck, and at the center of the car a riser con-
nects this duct with the one running along the roof of
the upper deck. Heat for the car is supplied by electric
heaters, 14 being installed on the lower deck and 12 on
the upper deck. :

New street-car types in Chicago.—The cars purchased
in 1912 by the Chicago City Railway Co. were the first
inclosed double-end motor cars to be placed in serv-
ice there. The new cars in general conform to the
old-type standard cars and to the over-all dimensions
laid down by the board of supervising engineers.
They provide a seating space for 54 passengers, equiva-
lent to that of the near-side cars.

The general dimensions of these new cars are a8
follows:

Length of car over body corner posts, 32 feet 8 inches.
Length of car over bumper, 48 feet. ‘
Width of car over all, 8 feet 6 inches.

Width of car over pésts at belt rail, 8 feet 5 inches.
Height of top rail to top of trolley board, 11 feet 7§ inches.
Truck centers, 22 feet.

Diameter of driving wheels, 34 inches.

Diameter of pony wheels, 22 inches.

‘Wheel base of truck, 4 feet 10 inches,

Height of first step above top rail, 134 inches.

Height from first step to platform, 12 inches.

Height from platform to body floor, 10 inches.

Total seating capacity, including vestibules, 54.
Estimated weight complete, 40,000 pounds.

The design of the bottom framing of these semisteel
cars includes departures from the usual designs em-
ployed in former Chicago cars. Probably the mos
marked of these are the side sills, which are inverted
fish-belly type girders built of %-inch steel plate and
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angles and over-trussed. The top is reinforced by a
2-inch by -inch flat bar, and the bottom by a 2-inch
by 2-inch by }-inch angle. Three openings, 6 inches
by 4 inches, cut in the three center panels of these side
sills, provide for air-duct connections to the cross-seat
heaters in the car. In addition to the plate-girder
side sills, the sides of the car are over-trussed by
23-inch by g-inch steel bars applied on the angle-iron
posts 2 feet 10§ inches above the bases of the side sills
and anchored at the girder ends.

Another unusual feature in the design of the bot-
tom framing is found in the cross sills. These are
arched trusses formed of two 14-inch by 14-inch by
3-inch steel angles, the upper one being horizontal and
" conforming to the car floor, and the lower one forming
an arch from the bottoms of the side sills to the
level of the upper member at the center of the car
body. These angles are fastened together at the
center and the side sills with }-inch steel plates.
This particular design of cross sill is employed be-
cause it gives maximum clearance for electrical con-
duits and other car equipment underneath the center
of the car body, and bending tests demonstrate that
it is equal in strength to a cross sill of a uniform sec-
tion carried between the side sills.

The car body is fitted with 13 window openings
on each side, the upper sashes of which are station-
ary and arranged in a continuous frame. All lower
sashes are arranged to raise vertically to the level
of the continuous bottom rail of the upper sashes.
In addition to these, storm sashes are provided at all
side windows of the car for use in extremely low tem.-
peratures. The sashes are single, two-pane, and con-
form in shape to the body sashes, being held in place
by three brackets and a lock mounted on each post.

Each bulkhead of the car contains one swinging
door and one sliding door, the standard for all sur-
face cars in Chicago. The location of these doors,
however, is somewhat different from the present stand-
ard, in that the stationary portions of the bulkhead
are at the sides of the car instead of in the center.
By this arrangement it is possible to g1ve additional
length to the four longitudinal seats in the four
corners of the car body. In conformity with the gen-
eral practice in surface railway car design in Chicago,
one side of the vestibule is equipped with a sliding
door, fitted with manually operated mechanism, which
also raises and lowers the step. The opposite side of
the vestibule, however, represents a new departure
for Chicago in that it is fitted with folding doors and
steps divided into two groups. The two exit doors
are hinged to the body corner posts, and the two en-
trance doors are hmged to the vestibule corner posts.
Each pair of doors is equlpped with a hand-operating
device, which also raises and lowers the steps. In
order to make the operation of these folding doors and
steps as easy as possible, the operatmg mechamsm is
tully equipped with ball bearings.
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Other innovations in the vestibule equipment on
the new cars include a light signal system connected
with the platform folding doors, which indicates to
the motorman whether the doors are in the open or
the closed position. In earlier cars the motorman’s
and conductor’s seats have been separate from the
hand rail dividing the entrance from the exit aisles.
The specifications for the new cars provide that these
seats are to be fastened to the platform railings by
pivotal brackets and made adjustable for height.
When the seats are not required, they may be folded
and swung over to one side clear of both aisles.

Bach car is fitted with 18 cross seats. The arrange-
ment of the doors in the bulkheads provides additional
length for the four longitudinal corner seats, but in
order that the aisles may be clear at the rear end of the
car, all four of these longitudinal seats contain col-
lapsible sections adjoining the bulkheads. Two col-
lapsible wooden seats are also installed in each of the
vestibules. One of these seats provides for four per-
sons and occupies the space along the closed folding
doors in the front end of the car, and the second seat
is for two persons and occupies the space against the
closed and locked swing door in the bulkhead.

No fewer than 200 low-step, double-end, arched-roof
motor cars have also been added to the rolling stock of
the Chicago Railways Co. A careful check of all the
weights of material entering into the construction of
the new two-motor cars shows that a reduction in
weight of more than'10,000 pounds has been made as
compared with the 1911 arched-roof four-motor car,
despite the fact that the new cars are 3 feet 5 inches
longer than the 1911 type, being of 48 feet 5 inches as
against 45 feet over-all length.
 The aisle width in the finished car is 25 inches
between end-seat plates, but further effective aisle
width was obtained by offsetting the seat backs 2
inches. The wide, comfortable seats are 36% inches
over all, and this length was obtained by making the
sides of the car as compact as possible. The inside
finish is set back of the post line, thus reducing the
thickness of the sides of the car body to 1% inches,
and adding effective width tothe seats. The floor
construction is also quite unusual. The flooris built
of a single thickness of 7¢-inch matched flooring under
the seats, and the aisle is doubled in thickness by
wooden floor mats. The single floor is insulated with
a heavy two-ply felt paper, cleated up with light
wooden strips. Over this paper a heavy coat of paint
has been applied to increase its waterproof quahtles
and provide extra insulation.

Other construction features in the car body include
a careful study of the installation of the auxiliary
equipment on the under side of the car floor. The
location of each item was selected after a careful esti-
mate of the moments so that the complete installation
would balance around the longitudinal and transverse
axes of the body. The small deflecting gutter over
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the entrance and exit doors was formed by setting a
strip of poplar in a heavy coat of white lead on top of
the canvas roofing.

Low steps in double-end cars require a very careful
study of every item affecting their height if the mini-
mum is obtained. This was especially true of the
Chicago Railways cars, which have a total height at the
center of the car floor of 37 inches above the rail. The
height of the first step above the rail is 13 inches and
that to the platform is 11 inches. A 10%-inch riser at
the threshold plate and a 24-inch ramp from the bulk-
head to a point in the floor above the bolsters, a dis-
tance of 5 feet, makes up this total height. The slight
pitch of the ramp is scarcely noticeable to passengers
entering or leaving the car. To obtain this over-all
dimension, it was also necessary to take advantage of
minimum over-all dimensions in the design of the
trucks, motors, and bolsters. By the use of a 32-inch
driving wheel instead of the 34-inch wheel which has
been standard on the Chicago Railways, an additional
reduction of 1 inch in height was obtained.

An interesting feature in the construction of these
new cars is the practical application of safety principles
in their design. A number of new departures in the
design of the air-brake equipment were included to
accomplish this end. One of the innovations in con-
nection with this air-brake equipment is an emergency
valve which makes it possible for the motorman to get
an emergency application at the brake valve, the air
being taken directly from the reservoir. At the same
time the brakes are applied and sand is automatically
deposited through air sanders. In addition to these,
a conductor’s valve is placed in each vestibule so that
an emergency air application may be made by him
if necessary.

A number of safety appliances were also incor-
porated in the brake apparatus under the car body,
In case the pin connections break, the air-brake
apparatus is left operative, as the loop or boxed-over
end of the rod holds it in position.

Following the standard Chicago practice, a single
sliding door is provided on the exit side of the front
platform, connected to the step, which raises when
the door is in the closed position. The sliding door
does not recede into a pocket, the partition form-
ing it having been removed, so that the exposed door
slides along the side of the vestibule. A two-piece
folding door on the opposite side of the platform
opens and folds against the controller. It differs
from the doors used in the older types of cars, which
were four-piece. Another departure consists in a long
slatted seat, so placed and connected that when the
door is in the closed position the seat is lowered and
the step is raised. One end of this seat is hinged to
the front of the vestibule, and when it is raised to
clear the doors it actuates levers which lower the steps.
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The conductor’s and motorman’s rails are about the
same as those on the platforms of the older cars.
The center leg of the rail is equipped with a bayonet
lock in the bottom casting. This locks it into the
floor socket when it is in position and it may be
unlocked by raising a sleeve set on the leg just below
the rail. The other two legs are made with partial
flanges at the base so that they will hook into slots in -
the sides of the floor sockets when the rail is in posi-
tion. In order to engage the locks, it is necessary to
tilt the rail to insert the two outside legs, which when
raised to a vertical position are held rigid by the
bayonet lock on the center leg. The hand-brake
staff is set close agaiust the front of the vestibule,
and the handle is designed so it can be fastened
against the vestibule to give more platform space.

Each side of the car body contains 11 windows
equipped with brass bottom sashes and arranged to
raise into pockets provided at the top of the window
opening. The top sash is built of wood and is con-
tinuous from end to end of the car body. The fact
that it is continuous and is permanently attached to
each post by screws materially increases the stiffness
of the car sides. In order thoroughly to insulate
these windows against extremely low outside tem-
perature, storm sashes are provided. Each side of
the car is fitted with three sections of three windows
each and one section of two windows. The new
wooden storm sashes, which weigh 15.7 pounds per
window as compared with 18.7 pounds for the old metal
sashes, represent a reduction in weight of 17 per cent.
They are fastened to each post with four screws, three
of which are used to hold the window guards. These
screws are set into brass castings fitted into pockets
in each post. This manner of fastening these sashes
makes them much tighter than the old metal sashes,
which were attached by locks and clamps.

The curtain rolls are exposed so that the curtains
may be cleaned on both sides as they pass over the
rolls. They are set into shallow recesses at the top
of the window openings, and the curtain fixtures are
covered with neat brass caps. Another simple inno-
vation which aids materially in cleaning the cars was
included in the manner of installing illuminating
gigns. These sign boxes in the vestibules and at the
center windows in the car sides are hinged at the
top and fastened at the bottom with catches so that
they may be released and swung away from the
glass to permit cleaning. In the old cars the sign
boxes were permanently installed, so that it was
possible to wash the glass only on the outside of
the car.

The mechanical department of the company, in
selecting the interior finish of the car body, endeav-
ored to make it as light as practicable to increase
the efficiency of artificial illumination. Accordingly,



TECHNICAL ADVANCES IN THE INDUSTRY.

the head lining was finished in light buff, and the
trim was finished in natural cherry. This improved
the car illumination 50 per cent over the old pea-
green head lining and stained-cherry finish. An actual
test of the average illuminating qualities of the new
as compared with the old car finish shows that the
illumination at the aisle seat of the new car is 4.34
foot-candles as against 2.78 foot-candles for the old car.
Birch finish was used in the first 25 cars for test pur-
poses. Itnot only was much cheaper than cherry, but
at the same time was just as satisfactory for interior
finish. Owing to the tendency of birch to warp, how-
ever, it was necessary to use cherry for the door
stiles and crossbars. The panels in these were made
of birch and the two woods blended almost perfectly.

Chicago Elevated all-steel cars.—At the close of 1913
the Chicago Elevated Railways placed an order for

128 all-steel arched-roof cars, which may be regarded -

as the latest to be employed in that class of work., A
fireproof car was desired which, at the same time,
would not weigh more than the heaviest cars now used
by this company. This design was also considered
more economical from a maintenance standpoint, as
it was believed that this type of car would have a
much longer life than those of composite construction.
For the previous four years the growth of the elevated
railways was limited by the capacity of the Union
Loop. This could accommodate 700 cars an hour, and
about this number were being looped by the four
divisions of the elevated railway system, then owned
by as many different companies. About three years
ago these were put under & single operating manage-
ment, following which negotiations for their merger
with the surface lines were begun by the city council.
In the latter part of 1912 these negotiations were
" broken off, and in the summer of 1913 the Ele-
vated Railways applied to the city council for the
right to rearrange the loop structure to permit through
routing of cars. This request was granted, with the
result that the capacity of the loop was increased from
700 to 1,200 cars per hour.

From 1909 to 1912 the passenger traffic had in-
creased but little. Consequently, there was no
necessity for additional rolling stock. However, fol-
lowing. the inauguration of through routing, which
was accompanied by the introduction of universal
transfers, the traffic showed an increase of more than
3 per cent in one month. In order to meet the abnor-
mal growth, as well as future demands, the new all-
steel cars were purchased. The old type of elevated
railway car had only two doors, which were insufficient
to expedite boarding and alighting to a point where
schedules would not be retarded during the present
rush hours. To meet this difficulty, the new cars
are equipped with three doors, one at each end of the
body and one in the center. Their adoption necessi-
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tated the use of longitudinal seats, which, however,
permit a larger standing load.

The principal dimensions of the car body are as
follows:

Distance between center of trucks, 33 feet 8 inches.
Length of car body on center line over end plates, 48 feet.
Length of car body over corner posts, 37 feet 10 inches.
Extreme width of car over window sills, 8 feet 8-% inches.
‘Width of sliding door opening, 3 feet 8 inches.

Height of car from top rail to top of roof, 12 feet 3% inches.

The car body is built throughout with structural-
steel and pressed-steel shapes, and is designed with
continuous structural-steel center sills and plate side
girders. The lower members of the side girders form
the side sills, and the upper members form the letter
boards and deck plates above the windows. The floor
and side framing is designed to include cross-bearers
which transfer the floor load to the side trusses. Spe-
cial precaution against the destructive effect of colli-
sionsis provided for in the end vestibule framing. The
entire car body, exterior and interior, is made fireproof
and is thoroughly insulated against extremes of heat
and cold, noise, and the effect of vibration. In fact,
the structural steel is so arranged that no part is
exposed to both the outside and inside of the car
except the sashes. - The underframe is composed of
6-inch channels and I-beams, which form the side sills
and end sills and the centersills, respectively. Another
important feature of the underframing included in the
design is contained in the body bolsters. These are
made of two soft-steel plates with a cast-steel sepa-
rator in the center. The steel casting, in addition to
serving as a seéparator for the top and bottom plates,
is designed to form a housing for the draft springs by
extending it beyond the bolsters toward the end of the
car body. The center-bearing plates are also of special
design and provide for self-lubrication, giving also
large contact and wearing areas. The center plates
are designed with an oil well surrounding the upper
member of the bearing plate which, when filled, per-
mits this member to operate in oil. Rach bolster is
equipped with a roller side bearing.

The side and end framing of the car body is made up
of pressed-steel sections, sheathed on the outside
below the windows with 3/32-inch cold-rolled steel
plates, which are secured to the posts, belt rail, side
sills, and other parts by rivets. The entire interior
finish of the car excepting the arm rests on the windows
is supplied in a special material—finished mahogany.
The floors are of a fireproof, sanitary composition.

At each end of the car are provided vestibules
which afford entrance from each side and from the
ends. The right-hand corner of each vestibule, on the
motor cars, contains a motorman’s brake valve, air
gauge, master controller, and other necessary appa-
ratus inclosed in a cab formed by a door hinged to
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swing approximately 120 degrees. This door in one
. position forms one side of the cab, and in the other
it engages with a swinging panel which forms a part
of the finished bulkhead. 4

The body is fitted with six sliding doors, two at
each end of the car and two in the center. These
doors recede into pockets provided in the car body
and are operated with pneumatic apparatus, either
from the guard’s niche or from the motorman’s cab.
They are made of pressed steel, suitably insulated,
and are 1} inches in thickness, being equipped with
rubber cushions and weather stripping. The vesti-
bules are fitted with doors at the ends to permit an
uninterrupted passage from one car to another.

Twelve windows are provided on-each side of the car
body, the upper sash being fixed and the lower sash
arranged to be raised. The sashes are made of bronze
and are fitted with brass stops and curtain grooves.
Both the upper and lower sashes are glazed with
F-inch plate glass, set in rubber channels. The car
body is provided with four longitudinal seats 16 feet
4% inches ‘n length. These are provided with. 2-foot
63-inch spring backs built into the car body. Both
the backs and the seats are upholstered in canvas-lined
rattan of small mesh. Twenty-four sanitary hand
straps, six on each side of the car ceiling in each end
of the car body, are provided for the convenience of
standing passengers.

An electric heating system of the forced-ventilation
type and provided with a thermostat control will be
installed in each car. This system is operated in con-
junction with eight exhaust ventilators installed in
the roof of the car. Each ventilator is provided with
register control, and the six in the car body are con-
nected to two continuous operating mechanisms. All
electric wires, both for the heating system and for the
lighting circuit, are inclosed in a metal conduit, pro-
vided with junction boxes and other necessary fit-
tings to insulate it thoroughly.

Ingenious articulated car in Boston.—Reference has
been made in preceding paragraphs to an ingenious
new form of articulated car devised in 1912 and put
into use by the Boston Elevated Railway Co. for its
regular street-car service. This car, which represented
the most novel design placed in service in urban trac-
tion work during the year, consisted of two of the
company’s old 20-foot closed cars with one vestibule
and platform removed from each, the two units being
assembled into a single car 62 feet 10 inches long over
bumpers, through the use of an intermediate com-
partment flexibly connected with the two end sections
and serving as a center-entrance prepayment plat-
form. In this car access to the intermediate com-
partment is had by means of a folding step attached
to the outside of the compartment in front of the
doors and about 11 inches below them.

The main object sought in the design of the car,
aside from its effective utilization of a heavy invest-
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ment in small rolling-stock units of low carrying ca-
pacity, was to obtain a car capable of holding at least
as many passengers as the standard semiconvertible
cars owned by the company, to produce a piece of roll-
ing stock which could be used on narrow streets and
on short curves without dangerous overhang, and at
the same time to provide improved facilities for con-
venience and safety of passengers when entering or
leaving, The first car of this type has been in service
since early in September, 1912, and has met with com-
plete success, both from the company’s point of view
and from that of the public. A second car of this
general type has lately been placed in commission,
and a number of improvements have been effected in
its design, the most notable feature being the adop-
tion of the principle of stepless operation. In the new
car the floor of the center section, where the doors are
located, is arranged with a lower level than in the first
car of the type, so that passengers step directly from
the street into the intermediate compartment, which
is located 14 inches above the roadway. This is an
unusually low height of step, and the car may, in fact,
be considered stepless in the same sense as the so-
called stepless center-entrance cars now operating in
Manhattan and Brooklyn Boroughs, New York City.

The general design of the car is similar to that of
the first one, but the utilization of the stepless prin-
ciple made a number of changes necessary in the under-
framing of the intermediate compartment. After the
passenger has stepped into the center compartment
and deposited his fare in a fare box in the middle of
the compartment, a second step of 10 inches is taken
in order to approach the doorway leading into either
end section, and the platform reached by this step
has a ramp with a rise of 2 inches between its outer
edge and the step riser which is surmounted prior fo
entering the end section. As in the first car, this riser
is 5 inches in height. The lowering of the center plat-
form has been accomplished by offsetting the center
gills of the central or intermediate compartment, the
side sills being supported at the same height as the
lower portions of the center sills by channel iroms
passing through center-sill reinforcing plates and rest-
ing on the bottom members of the center sills. A
change has also been made in the bolster arrange-
ment, the side-bearing plates resting on top of rollers
carried on the top of the bolster support instead of on
the end sills of the cars. This permits the use of a
flooring about 8 inches wider for the passageway be-
tween the intermediate and end sections.

The flexible curtain inclosing the passageway be-
tween the intermediate and end sections of the car has
been materially improved, and instead of using a
continuous diaphragm the bonnets carried by the end
sections have been arranged with horizontal hinges
permitting vertical movement of the outer ends of the
bonnets, which rest in each case on the top of the end
wall of the intermediate section. This allows for all
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necessary movement between the units and at the
same time makes a waterproof joint, providing at all
times a ceiling line parallel to the floor line of the
intermediate compartment and thus enabling the
sides to be closed with spring-roller curtains.

One-man prepayment cars.—One of the interesting
developments of the period in creating new facilities
for street-car travel has been the return of the old
type of car exemplified by and famous as the ‘“bob-
tail,” operated by one man who in addition to driving
his team was supposed to be able to play conductor
as well and see that all the fares were paid, besides
making change when called upon to do so. The intro-
duction of electric power soon drove off the streets
the bobtail horse car, which had shown ability to
stand other competition; but now the success of the
modern prepayment car-methods has brought ‘‘on the
map”’ new types of the one-man car that were not
previously practicable. The car has apparently a very
distinct place in enabling service to be given in dis-
tricts and along thoroughfares where heavier cars and
more expensive systems of operation could not be
supported by existing traffic. Obviously a smaller car
can be used, and even old cars obsolete for some other
classes of city service can be utilized in the new work.
Thus, for example, in 1913 the Detroit United Railway
Co. put in operation at Ann Arbor, Mich., a city of
15,000 people, a single-truck car combining the one-
man operation with the pay-as-you-enter principle.
‘The change from two-man cars was made to reduce the
cost of operation and yet give better service. The type
of car had become obsolete in Detroit, but still was
relatively new and eminently useful for traffic else-
where. Only a small expense was involved for over-
hauling. In making the change it was necessary to
arrange the vestibules so that the doors could be
opened and closed mechanically by the motorman at
one end and locked at the other. The usual door-

~operating mechanism is used, but the handle can be
readily removed for use at the opposite end when the
car is turned. Thus entering travel is directed through
the front door to the fare box under the eye of the
motorman-conductor, and it is practically impossible
for a passenger to open the rear door and come in.
The removal of the bulkhead, except for a portion as
wide as the longitudinal seats, gives the operator a clear
view of the car interior, while push buttons enable the
passenger to signal for a stop. The fare box is installed
in a corner of the vestibule just back of the motorman’s
car controller on the left side opposite the entrance
doors. This arrangement is convenient for fare col-
Jection and leaves a clear aisle for passengers when
boarding and alighting.

A number of statements from street railway mana-
gers as to their opinions and experience in regard to
the subject afford probably the best guide as to the
status of this practice. A survey of this kind was
secured during the early part of 1913, and the data

365

given are of much interest.! In this connection Mr.
R. B. Stitchter, general manager of the Waco, Tex.,
Street Railway, may be quoted as follows:

The cars were originally built with a view of one-man operation
but so that, when occasions of heavy traffic demanded, they could
be operated well with two men. The older types of fare boxes have
been in use, and the trainmen are permitted to make change only.
We are at this time trying out the later types of fare boxes. The
system is so laid out that every car in service passes in front of the
company office, the trainmen are supplied with $5 in nickels, and
a change man remains on duty during the entire period of operation
and keeps the men supplied. Twenty nickels ace stacked and held
together with a spring clip for the purpose, so change can be quickly
and accurately made when required by the trainmen.

The hours of car operation per month will exceed 10,000, and the
addition of another trainman per car-hour, at 18 cents, would mean
ap increase of $1,800 per month. The saving does not amount to
this much, however, as at present some of the lines have such heavy
traffic that, the cars being of the single-truck type, it has not been
found possible to operate with one man and make sufficient head-
way. There are other lines which during the heavy traffic period
are supplied with an extra man to each car to act as motorman, the
regular man during such period of heavy traffic confining his duties
to acting in the capacity of conductor.

There are 24 cars on the system, all arranged for one-man
operation. During November, however, four double-truck motor
cars and four double-truck tirail cars were received and were
greatly praised by the mayor and members of the city commission
and others interested in the city’s welfare and development.
These later cars embody the single-man, pay-as-you-enter feature,
with outside closing doors operated by the motorman, are provided
with cash fare boxes, and are without bulkheads. The side framing
consists of T-irons, extending from the floor framing up one side
and down to the floor again on the other side, in one continuous
piece. All of the motor cars are equipped for double-ended opera-
tion except four. The amount to be expended to convert old-style
cars to one-man pay-within cars depends on the number of car-
hours, the rate paid the trainmen per hour, and other local condi~
tions which are easily ascertained and secured in each particular
case.

We expect trainmen to request payment of fare, cash, ticket, or
transfer, the same as in two-man pay-as-you-enter operation. All
fares are registered on a double-fare register as cash or tickets.
Transfers are issued at certain transfer points. We have not tried
a transfer-issuing machine. The trainmen are instructed to an-
nounce streets and tp asgist only elderly persons on or off the cars.
Our pay passengers per car-mile average a little in excess of four.

One-man operation gives a little slower schedule than two-man
operation. The schedule, however, under proper training and
proper inspection, in our experience, is sufficiently rapid to please
all patrons, and, in fact, is as rapid as safe conditions of operation
will permit, regardless of whether the car is operated by one man or
two men.

Our obgervation shows that a single-man car, provided with lever
to operate folding doors and steps, if properly operated, is practi-
cally as safe as when operated by two men, and the number of acci-
dents and the amount of damage resulting from one-man operation
do not exceed to any perceptible degree those with two-man opera-
tion. As previously stated, however, when the traffic gets heavy,
in order to make the same schedule, it is necessary to provide
two men, and the results, from the accident standpoint, depend
Jargely on the provision by the superintendent of inspectors of two
men just at the time when traffic becomes sufficiently heavy to
justify it -

Theattitude of the public toward the one-man car seems to be very
favorable. There is no objection to it whatever except in certain
localities where a large-proportion of the passengers arenegroes, and

1 Electric Railway Journal, Mar, 29, 1913.
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in such cagesit sometimes becomes necessary, harkening to public
opinion, to segregate the negroes in the rear of the car and permit
them to enter and leave through: the rear. In the case of one-man-
operated cars it is ordinarily required that all passengers enter and
leave by the front entrance.

Our experience with the one-man-operated car is that it very
often enables the traction company to give street-car service in
thinly populated districts where, if two-man-operated cars were
required, such service could not profitably be maintained, and
with the exception of lines blessed with quite heavy patronage the
system of operation can be so laid out that very economical and
satisfactory service can be given to the public.

Mr. H. W. Waggener, general superintendent,
Atchison (Kans.) Railway, Light & Power Co., says:

-The carswe operate are the ordinary semiconvertible single-truck
cars with both rear and front platforms. The rear doors are kept
closed and no fare boxes are used. We supply $5 in change to the
trainmen. We have eight carg, all double-end. We instruct train-
men to exact prepayment of fare in all cases on one-man cars. The
fares are registered by hand. Transfers are issued when passengers
leave the car at the junctions. The motorman announces streets
and assists passengers in boarding and alighting, or with heavy pack-
ages, etc., if they need asgistance.

The average number of passengers per car-mile on our one-man
cars is 4¢.8. The maximum speed of the one-man cars is 8 miles per
hour. The schedule speed is 7 miles per hour. There has been no
effect on our schedule speed from the introduction of one-man cars.
We have employed a second man when traflic is heavy; he stands
ingide of the car at the front end and collects and registers the fares.
So far as our observation goes the number of accidents has not been
increased by one-man operation. We have never had any trouble
with passengers, but many of them buy tickets to save trouble in
making change when they enter the cars. All objection on the
part of our public against one-man cars disappeared in a short time.

The saving in platform expense due to the use of one-man cars is
not offset by disadvantages of any kind. 'We have received advan-
tages from one-man operation in addition to our reduction in plat-
form expense. Ajl fares are apparently registered, and a saving
has resulted of $2 per day on each car. This city has between 17,000
and 18,000 inhabitants. We came to the conclusion that one man
could collect fares and register them practically as quickly as could
be done with a conductor, and it became a question of cutting ex-
penses; hence the adoption of the system.

I certainly recommend one-man operation for companies in small
cities and for the outlying lines of companies in large cities, espe-
cially where the schedule is not too fast. For a number of years our
cars were operated as one-man cars, passengers paying their fare
when they left the car, but about two years ago this method was
changed to payment as the passengers entered. This last arrange-
ment has been much more satisfactory to the general public. On
holidays, such as the Fourth of July and other big days, when the
trafic is particularly heavy, it becomes necessary for us to put on
a conductor during the congested hours only.

Mr. Attillo Norman, treasurer, Freeport (Ill.) Rail-
way & Light Co., says:

Four of our cars were originally for one-man operation and two
were reconstructed. The cars are double-end. Registering fare
boxes are used, and very little expense was necessary to remodel
our old-style cars for one-man prepayment operation. We instruct
trainmen to exact prepayment of fare in all cases on one-man cars.
Trainmen register fares by hand and issue transfers in the usual
manner. The motorman announces streets or assists passengers in
boarding and alighting, or with heavy packages, etc., if they need
agsistance.

Our average number of passengers per car-mile on one-man cars
is about three and one-half. Our schedule speed is 8 miles per
hour. Our runs are short, and this includes turning time. There
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was no effect on our schedule speed from the introduction of one-
man cars. We have never employed a second man on our one-
man cars. So far as our observation goes, the number of accidents.
has been decreased by one-man operation. Our car-mileage is
greater with the one-man cars than with the two-man cars oper-
ated previously. Our traffic has increased, but we are not sure
that this was not due to other causes.

The attitude of the public toward one-man cars at the beginning
of operation was that it was willing to have us try them out. Sen-
timent seems favorable now. The saving in platform expense due
to the use of one-man cars is not offset by disadvantages of any
kind. We have received advantages from one-man operation in
increased receipts and fewer accidents. We introduced one-man
operation for the purpose of economy in operation and because we
expected increased receipts-and fewer accidents. 'We recommend
one-man operation for companies in small cities and for outlying
lines of companies in large cities.

Mr. Samuel Barnes, general manager, Cape Girar-
deau-Jackson (Mo.) Interurban Railway, says:

‘We have operated our one-man pay-as-you-enter cars for a little
more than two years. We were about the first company to operate
one-man cars. During this time we have had but one accident.
We feel that this is due mostly to the fact that the motorman is
placed in a position where he realizes that he is wholly responsible
for the car operation and is not depending on the efforts of any one
else to avoid possible accident. IPurthermore, we have some 7
per cent grades running straight toward and within one block of
the Mississippi River banks or levee. When going down this
grade, if the car gets beyond the motorman’s control, it is neces-
sary for the motorman to throw off the overhead switch and reverse

" the controller seven or nine points to allow the motors to generate

sufficient current to hold the car to a controlling point of speed.
Previous to the one-man operation this effort to avoid a runaway
with the car on the down grades depended on the conductor to
some extent, and at such times he was liable to be inside of the
car collecting fares; but under the new system the motorman has.
quicker access to the means of remedy. There are other instances
wherein the one-man pay-as-you-enter car is far superior to two-
man, car operation.

We reconstructed our cars ourselves. Each man has to furnish
his own change, $10. There are six one-man cars on the system,
or 10 cars of all types. One-half of the cars are single-end and the
remainder are double-end. The expenditure that a company
would be justified in making to remodel old-style cars for one-man
prepayment operation depends on the type of car and general
traffic conditions. Our single-end cars cost $240 per car and our -
double-end cars $480 per car to reconstruct. We instruct trainmen
to exact prepayment of fares in all cases on one-man cars. Fares
are registered by hand, and regular transfers are issued. The
motorman announces streets and assists passengers in boarding and
alighting, or with heavy packages, etc., if they need assistance.

The schedule speed on our one-man cars is 9% miles per hour.
We are making just as good schedule time as with the old system.
‘We have never employed a second man on one-man cars. The
number of accidents has been decreased by one-man operation.
Our -car-mileage is greater with the one-man cars than with the
two-man cars operated previously. The traffic was affected by
the establishment of one-man cars on the start for about 10 days.
The change seemed to cause a little inconvenience to the public,
but after that everything worked smoothly. Some people were
not favorable to the idea of putting change in. the box, but this
attitude has changed. All the results of ome-man car operation
are advantageous. We introduced the cars to reduce the cost of
operation and improve the receipts, and by all means recommend
one-man operation for companies in small cities and for outlying
lines of companies in large cities. During big days our one-man
cars carry 1,800 to 2,000 passengers per day each. We have had
days in which these cars have handled 900 passengers each in
three hours. '
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Mr. J. T. Skinner, manager, Lawrence (Kans.) Rail-
way & Light Co., says:

In preparing cars for one-man operation we simply closed up the

“rear door and folded up the rear step and put a fare box on the
front end of the car. Fare boxes are used. We loan the trainmen
for change $10. The one-man-operated cars save approximately
40 per cent of platform labor. We operate regularly 7 one-man
cars on the system, but have a total of 11 double-end and 3 single-
end cars.

A company is justified in folding up the rear step, closing the
rear door, putting the fare box or register on the front end of the
car, and going ahead without any further changes except to adopt
the near-side stop. We instruct trainmen to exact prepayment of
fares in all cases on one-man cars, except where the trainmen know
that the person will hunt out the fare and drop it in the box before
leaving the car. Old people and women with children and bun-
dles will frequently take a seat near the front end of the car, hunt
out the fare, and drop it in the box after the car has started.

Trainmen ring up fares by hand as they are dropped in the box.
If the car has a clear running space, the trainman punches his
transfers with the car in motion. If not, the transfers are punched
and banded to passengers as they leave the car. Only about 10
per cent of the passengers require transfers. Trainmen announce
transfer points and streets for strangers. Our average number of
passengers per car-mile on one-man cars is about four. Our maxi-
mum speed on. one-man. cars is 20 miles per hour, and our schedule
speed approximately 8 miles per hour. Since the introduction of
one-man cars, we have used a somewhat slower schedule. When
we have large crowds to handle, we open up the rear door and use
two men, collecting fares at each end as passengers board cars.
This allows a car to be loaded and unloaded quickly. The number
of accidents has been decreased by one-man operation. We have
not found that certain classes of passengers are more likely to cause
disturbance on one-man cars than on a car with two trainmen.

Qur car-mileage has been decreased somewhat with the one-man
cars on account of the slower schedule. There has been no change
in traffic due to one-man caxrs. The public thought it was a sensible
thing to introduce one-man cars on a small road rather than to cut
down car service to effect economies. The saving in platform ex-
pense due to the use of one-man cars is not offset by disadvantages
of any kind. There are advantages in one-man operation in addi-
tion to the reduction in platform expense. Omne man kept busy will
render more efficient service than two men partly idle. We intro-
duced one-man operation because there is no need of two men on a
small road except during a few days out of a year. I recommend
one-man operation for companies in small cities; and for outlying
Tines of companies in large cities, where the regular riding is light,
one man is better than two.

Mr. L. W. Hess, general superintendent, Northern
Ilinois Light & Traction Co., states as follows:

Our one-man-operated cars are ordinary cars. We close the back
doors and make all people get on the front end. In summer we
have both front doors open, and in winter the right-hand front door
in the direction the car is going. We supply $4 to the trainmen for
change. In September, 1912, our revenues per car-mile on one-
man-operated cars were $0.1897 and our expenses were $0.0918. We
have six cars, and all are operated by one man except on large-traffic
days. All the cars are double-end. The amount which a company
would be justified in spending to remodel old-style cars for one-man
prepayment operation would depend on local conditions.

The trainman records the fares on a fare register. He collects
as the passenger gets off and the car is at stop or when he comes
to a switch where cars pass. He steps inside at this point and
collects fares: Transfers are issued by the motorman, who does
not announce streets except when the passenger asks to get off at
certain place. The motorman is required to help all passengers
who need it. Our average number of pay passengers per car-mile
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on one-man cars is 3.93. Our schedule speed is 12 miles per hour
under the ordinance. Omne-man cars run a little faster under certain
local conditions than was the practice before.. On large days we
have employed a second man on our one-man cars. He acts as
conductor. )

According to our experience, the number of accidents has not
been increased by one-man operation. We have never had an acci-
dent to a passenger getting on or off a one-man car. I do not think
collisions are increased, as the man on the front end is the man to
look out for that, anyway. I do not think disturbances are more
apt to occur on one-man cars than on a car with two trainmen. Any
person who wants to start trouble is usually under the influence of
liguor, and the number of the crew would make no difference.
Qur car-mileage is not greater with the one-man cars than with the
two-man cars operated previously. The traffic was decreased
slightly at the beginning by the introduction of one-man cars.
There was some opposition toward them at first, but this attitude
has changed. I think the saving in platform expense due to the use
of one-man. cars is not offset by disadvantages of any kind.

There are reductions in one-man operation in addition to the re-
duction in platform expense. The responsibility of operation can
not be shifted to the other man, and there are fewer men to bear
the responsibility. We introduced one-man operation to economize
in expenses, as we can not afford two men on a car. I recommend
one-man operation for companies in small cities and for outlying
lines of companies in large cities if they want to save money. We
have operated our line almost fifteen years and have never had a
suit entered in court because of a street-car accident, although, of
course, we have had a number of accidents.

Mr. E. E. Downs, general manager of the Belvidere
(I.) City Railway, says:

The cars on the Belvidere city line were built originally for cne-
man operation. A remodeled fare box isused. It rests ona pedes-
tal on the platform convenient to the passengers and the motorman.
The motorman supplies himself with $10 in change, but 75 per cent
of the passengers have the exact fare ready. We operate two
double-end one-man cars. We instruct trainmen to exact prepay-
ment of fares in all cases on one-man cars. Fares are recorded by a
hand-register cord hanging directly in front of the motorman.
Transfers are not issued. The motorman announces streets or
assists passengers in boarding and alighting, or with heavy packages,
etc., if they need assistance. Our maximum speed on one-man cars
is 15 miles per hour. The schedule speed is 7.5 miles per hour. A
gecond man is hardly necessary, except on special occasions, to
make change and expedite loading and unloading. At such times
he stands in any place not occupied by passengers. Omne-man
operation obviates all loading and unloading accidents, but certain
classes of passengers are more likely to cause disturbance on one-
man cars than on a car with two trainmen.

At the beginning of operation everybody seemed pleased and took
to the new order of things very kindly. The saving in platform
expense due to the use of one-man cars is not offset by disadvantages
of any kind. I recommend one-man operation for companies in
cities of even as high as 40,000 population.

Unusual subway cars for Greater New Y ork.—The New
York Municipal Railway Corporation, a subsidiary of
the Brooklyn Rapid Transit Co., filed with the public-
service commission of New York City in August, 1913,
its design for an unusual new type of car intended for
subway use, and also exhibited publicly this new car at
its car shops. There are no entrance doors at the ends,
but each car has three double doors on each side,
although it is proposed to operate only the center pair
during hours of light travel. All the doors are pneu-
matically controlled by the guard, who is elevated on
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a pedestal alongside the idle pair of center doors, from
which position he is able to see all passenger movement
with ease. IEnd doors are also provided for going from
car to car. The seating plan is such that permanent and
temporary longitudinal seats are provided near and in
front of the doors, while one row of transverse seats is
placed midway between the two pairs of side doors.
These transverse seats are of the back-to-back design,
one bench being wide enough for three passengers and
the other for two. With all doors on one side in use,
the car will seat 78, but when operation is limited to
the center doors it will seat 98 passengers. All cars
are motor cars, in view of their great capacity and
length, namely, 67 feet. The outside color of the cars
is dark green; the interior is light enamel. Mechanical
ventilators are used.

The following comparisons are made by the New
York. Municipal Railway between this car and that
now used in the subway service of the Interborough
Rapid Transit Co.:

New York Interborough
Munieipal Rapid Transit
Rallway car. subway car,
Length. . ooiiuiiiiiiiiiiiiiiiiiinnn, 67 feet.n..ouen.one. 51 feet 5 inches.
Width. .o . ‘eev..| 10 fo0b.............| B feot 8} inches.
Seats:
In rush hours........ 78 persons......... 44 persons.
98 persons......... 46 persons.
. 82% inches......... 90 inches.
Length of train (eightears).......... . . | 538 feot 4 inches...| 513 feet 5 inches.
Total space in train available for passen-
L) T 4,711 square feet...| 3,702 square feet.

The company estimates that with a train load of
1,200 persons, that now carried in the present 10-car
subway trains during rush hours, eight cars only of
the new type would be required. 'With 150 passengers
per car 78 would be seated and 72 standing. As there
is 870 square feet of standing space per car, each stand-
ing passenger would have an average of 5 square feet.

Improved California~type cars.—During 1913 the
United Railroads of San Francisco placed in service 65
new cars of the California type, which in general em-
bodies the idea of having open sections of the car at
each end with a closed section in the middle. The
principal dimensions are as follows: Length over
bumpers, 47 feet; length over corner posts, 32 feet 4
inches; outside length of closed section, 15 feet 4%
inches; width over drip rails, 9 feet 2 inches; height of
roof above rail, 11 feet 3% inches; truck centers, 20
feet 10% inches; truck wheel base, 4 feet 6 inches. The
entire side plate is designed to act as a plate girder,
using the side sills as the bottom chord and the
#-inch side plate as the web plate, with interme-
diate stiffener angles at each side post. The upper
chord is composed of angle iron, cut out at each side
post, in addition to which there is an over-truss rod
of flat bar steel to take a portion of the platform load.
This method of side-plate construction does not in any
way depend on the side post for strength, thereby
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allowing the use of a very light side post, which gives

_the car a light appearance above the window sills.

The floor area of each platform, 46.25 square feet,

ig larger than that of any other car previously in use

in San Francisco and is of great advantage in loading
and unloading. On observation the company has
found that 25 persons can stand on the rear platform,
which is a great help during rush-hour loading at
congested points. Stop-watch tests have shown the
average loading time per passenger to be 1.1 seconds,
and for unloading by front exit only, 0.95 second per
passenger. Great consideration was given to step and
platform design, which is the heart of the prepayment
type of car. The distance to the first step from the
street is 15} inches, from the first step to the platform
12} inches, and from the platform to the car proper,
with the use of a 2-inch platform ramp, 10 inches.
This arrangement places the floor of the car only 393
inches above the head of the rail.

The conductor’s railing, which can be locked up
to the ceiling, is designed to give the maximum-
width entrance. It also acts as a motorman’s guard-
rail and serves to operate the folding step on the blind
side of the car, thus making it impossible for the car
crew to neglect to raise or lower the step at the
proper time.

The car has four folding platform seats which are’
used only on the front end of the car. These seats
afford an extra seating capacity for six persons, but
interfere in no way with passengers who leave the
car by way of the front exit. Wired, polished plate
glass,  inch thick, isset in each side sash of theplat-
form windows to protect users of these very popular
seats in case of a slight collision.

All the operating mechanism of the sliding exit
gates is concealed behind the panel back for folding
the platform seats, which is removable. The mechan-
ism has been so arranged that the momentum of the
car does most of the work in opening and closing.

Ventilation for the closed section is obtained through
four roof funnels, two acting as intakes and two as
outlets. In addition, a perforated panel ventilator
is carried at each end of the closed section over the
window opposite the door.

Two different seating arrangements are used, vary-
ing only in the closed section, where in some of the cars
cross seats are used on one side instead of longitudinal
seats on both sides. In the cars that have longitudinal
seats on both sides of the closed section there is an un-
obstructed space under the entire length of seats, thus
permitting the free use of a vacuum cleaner.

The seats in the open sections are of special design,
being pivoted only and not throw-over. They are
of slat construction, with natural finish to match the
interior finish of the car. These special seats per-
mit a clear aisle space of 31} inches between the
cross seats. After careful study and actual tests
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the company decided to use vertical hand rods in
the closed section in place of hand straps. Passengers
of various heights, of course, can use these rods with
equal comfort. The stanchions and screens at the
end sills serve two purposes: First, they define clearly
the dividing line between the platform and the car
proper, so that the conductor can ask passengers to
step into the car; second, the screens act as a guard to
prevent passengers who are occupying seats in the
open section from putting their feet against passengers
who are occupying the folding platform seats. As all
stanchions are enameled white, they are easily kept
clean.

The seating capacity, including that of the folding
platform seats, is 50 for the cars with longitudinal
seats on both sides of the closed section and 52 for
those having cross seats on one side of the closed
gection. ‘

Trackless trolley bus.—A trackless trolley bus was
put in operation in Merrill, Wis., in 1913, by the
Merrill Railway and Lighting Co. The bus seats
18 passengers and is equipped with a 500-volt, 15-
horsepower series motor. A fivestep railway-type
controller and standard resistances are used. The
car is of the one-man, pay-as-you-enter type and
operates over a route of about 1 mile, connecting at
one end with the regular street railway cars of the
company. The company plans to extend the bus
system to other parts of the city, and also to build one
or two suburban extensions. The trackless trolley
system was used instead of the ordinary cars on rails, for
several reasons. Omne was that in the mile of route the
line crossed three steam railroad tracks and passed
over one long bridge. With a street railway franchise,
the company would have been obliged to keep the
bridge in repair, as well as the roadway between the
tracks and for 1 foot outside. This expense was saved,
as well as the expense of installing and maintaining
three steam railroad crossings. Altogether the com-
pany estimates that it made a saving of $70,000 in
track, exclusive of repairs and depreciation, and that
it is also saving about $400 a year in power. The bus
does not hold as many passengers as an electric car,
but has ample capacity for the traffic.

The single motor drives the two rear wheels by
means of a longitudinal shaft, connected by bevel gears
to a jack shaft with differential gear, which in turn is
connected with the rear wheels by chains, the method
of connection being very similar to that employed in
an ordinary automobile truck. Solid rubber tires are
used. Connection is made to the two overhead trolley
wires by means of two separate trolley poles with
swiveled harps and bases. The poles are extralong to
give a lateral freedom of movement of 10 feet to 12 feet
on bothsides of the trolley wire. This prevents inter-
ference with the bus from other street traffic. The
two trolley wires used by the bus are fed from the
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two trolley wires of the local railway system, which is
equipped with a complete metallic circuit.

The operating expenses per car-mile are estimated
as follows: Management, salaries, and wages, 3.2 cents;
electric power, 4.85 cents per watt hour, or 1.6 cents;
tire renewals, 3.4 cents; maintenance, 1.8 cents; total,
10 cents. The main dimensions of the bus are: Length
over all, 18 feet 6 inches; width, 6 feet; height in
passenger compartment, 6 feet 8 inches. The weight
empty is about 3 tons.

Express and interurban cars.—Various new depar-
tures and experiments in both classes have been made,
altogether too numerous to specify. It must suffice
to select one or two examples. The Northwestern
Pennsylvania Railway, for instance, has developed
and put in use a combination parlor car, smoker, and
baggage coach, operated in a train for ‘‘limited”
service between Erie and Meadville, Pa. The ar-
rangement is unusual in that the two cars operate with
the passenger entrance in the center of the train only.
The combination caris placed at the front end of the
train. Each car is 50 feet 10} inches long over the
buffers, 49 feet 6% inches long over the vestibules,
39 feet 6% inches long over the end plates, 9 feet 4
inches high from sill to top of roof, 8 feet 6 inches
wide over all, and 8 feet 2 inches wide over the sills.
The distance between the center lines of the bolsters
is 27 feet 9 inches, and the wheel base of the trucks is
6 feet 6 inches.

While a center-entrance train is not altogether new,
there is novelty in the car plans. The baggage and
express section of the combination car is furnished
with a sliding door of 4-foot opening on each side
and with folding slat seats. The motorman’s cab,
which is placed at the right-hand side, is provided
with a 204-inch inside swing door and a 31-inch swing
door to cover the front entrance to the car. A space
between the smoker’s compartment and the bag-
gage compartment is reserved for the heater, the toilet
room, and lockers for the crew, card tables, etc. The
passengers’ platform at the rear is provided with a
31-inch swing door on each side.

The second car of the train has a front platform
which is similar to the rear platform of the combina-
tion car. The rest of the car, however, is divided
by partitions with center doors into a section with
cross seats designated as the ladies’ compartment, a
section with individual chairs called the parlor com-
partment, and finally a smokers’ section de luxe at
the rear. The seats in this smaller smoking com-
partment are removable, so that the platform may be
used for operation if desired. All seats are upholstered
in crimson plush. An extra fare is charged for the
use of the parlor compartment and the smoking section
which adjoins it.

As to freight or express cars, attention may be drawn
to those put in operation in 1913 by the Bay State
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Street Railway of Boston, Mass., for use on the
through lines of the company between its Boston
freight and express terminals and points in southern
Massachusetts and Rhode Island. The new cars rep-
resent a striking advance in rolling stock built for this
class of service, and are said to be the lightest-weight
express cars of their capacity thus far developed.
These cars are of the double-truck, flush-platform
type, with side and end doors, steel underfmmmg, and
semisteel body. The general dimensions are as fol-
lows:

Total length over bumpers, 39 feet.

" Length between screen bulkhead partitions, 30 feet.

Width over side plate, 8 feet.

Total width over all, 8 feet 2 inches.

Height from rail to top of floor, 46 inches.

Height from rail to top of trolley board, 11 feet 9 inches.

Distance between truck centers, 22 feet.

‘Wheel base of trucks, 6 feet 4 inches.

‘Wheel diameters, 34 inches.

The carrying capacity is 20 tons, and the.total
weight of the car equipped, but without load, is
45,800 pounds.
than 4,000 pounds in weight in comparison with the
earlier express cars used by the road.

New funeral trolley cars—Cars of this type have
been previously described, and there are several in
operation. The Philadelphia Rapid Transit Co.
placed in commission in 1912 a special funeral car,
which may be chartered for transporting funeral par-
ties to any of the many cemeteries reached by the
company’s lines. The car is named ‘‘Hillside,” after
one of the cemeteries in the suburbs of Philadelphia
on the Glenside line. It seats 40 persons in the main
compartment and 6 persons in the pallbearers’ com-
partment. A few additional seats are provided by
the use of camp stools. The coffin is carried in an
inclosed cabinet or vault occupying a portion of the
pallbearers’ compartment. The coffin is placed in
this vault from the outside by lowering a section of
the panel in the side of the car, which is hinged at
the lower edge for this purpose. To the inside of
the two upper corners of the hinged panel are attached
chains which pull against automatic equalizers such
as are used for operating Pullman berths. This
counterbalancing device facilitates the raising and
lowering of the panel and also serves to hold the panel
in the open position. When the coffin is to be placed
within the cabinet, the hinged panel is swung down-
ward to a horizontal position, where the chains hold
it at right angles to the side of the car. On the floor
of the cabinet is a movable platform mounted on
rollers, which is drawn out from the cabinet on to the
shelf formed by the lowered panel. The coffinis then
placed on this platform, and the platform and coffin
are pushed back within the cabinet without jar or
friction. When the panel is raised into place, the
coffin is concealed from view. The panel is securely

| in a lighter green decorated in gold leaf.

This represents a saving of more

1 pony wheels.
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fastened by means of two locks operated by handles
on the outside. The top of the coffin cabinet is about
3 feet above the floor in the pallbearers’ compartment
and forms a suitable place for displaying floral emblems.

TFor convenience in conveying the coffin from the
residence or church to the car, a small, rubber-tired,
collapsible truck is provided, which makes it possible
to move the coffin over the sidewalk or street with
no inconvenience or undue effort on the part of the
pallbearers. The truck is folded into a small case
and is carried on the car, it being also used at the
cemetery for transferring the coffin from the car to
the grave. By the use of this truck it is entirely
feasible to move the coffin a block or two in order to
reach the car line.

The car is appropriately finished and decorated.
The exterior is in green, with lettering and striping in
gold. The interior is in mahogany, with the ceiling
The win-
dows are draped with heavy black velours. The
seats are finished in black Spanish leather. All metal

“trimmings are oxidized. The effect as a whole is one of

dignified beauty and impressiveness, thoroughly in
keeping with the use for which the car is intended.

To insure thorough sanitary conditions, the car is
cleaned and fumigated after every trip. An iced-
water tank is located in the pallbearers’ compart-
ment, and the company provides iced water and free
sanitary drinking cups.

The car has rolled-steel driving Wheels and cast-iron
The car body is equipped with two 60~
horsepower motors. The weight complete is about
39,000 pounds.

General caroutlook in 1912.—While the census rep orts
present in general the aggregate figures which represent
the development of the industry at the end of any given
period, it is interesting to learn the statistics and data
for any given year. Figures compiled by the Electric
Railway Journal for 1912 thus indicate that the total
number of all new cars ordered in 1912 in the United
States and Canada was 6,001, an increase of 1,986, or
49.4 per cent, over 1911. Every effort was made to
secure returns, and those from car builders were
checked up against those from railway companies; but
a few companies did not reply in time to permit the
inclusion of their data. The number of cars ordered,
classified according to the service in which they are
used, is given below:

1912 | 1911 | 19010 | 1909 | 1908
) T { 6,001 | 4,015| 5,381 | 4,957 | -3,111
Passenger cars, ¢ity.............oo.olll 4,631 | 2,834 | 3,571 | 2,537 2,208
Passenger cars, interurbal ... ..., 783 626 990 [ 1,245 721
Freight and ‘miscellaneous cars. . .. - - ... 687 505 820 | 1,175 176

A great many city cars ordered during 1912 were of
the prepayment type. A special enumeration is not
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made of the prepayment cars, because this type is
now almost universal in new city cars.

Interurban passenger cars showed an increase of
25.1 per cent over the totals of 1911. The figures for
interurban cars include orders for subway and ele-
vated equipment.

Among the striking features of rolling-stock orders
in the year was the increase in the use of the near side
car. Of this type the Philadelphia Rapid Transit Co.
ordered 950 cars; the International Railway, Buffalo,
316 cars; and the Chicago City Railway, 125 cars. The
one-man near-side car was also developed. Cars of
this type were ordered by the International Railway,
the Illinois Traction System, and the Fort Wayne &
Northern Indiana Traction Co. Another striking
development in rolling stock was the introduction of
the center-entrance car.: Large orders of this type
included one from Brooklyn for 100 cars, one from
New York City for 175 cars, and one from Los Angeles
for 36 cars.

In addition to the rolling stock listed, there were
large sales of gasoline-motor, gasoline-electric, and
storage-battery cars for branch lines and suburban
service on steam railroads. The facts relating to
these will now be presented as a subdivision of the
general subject of cars.

Advances in self-propelled cars.

Storage-battery cars—These cars have come into

notable use again, and various types have been
adopted during the last few years in different cities
and for various classes of service. Batteries of the
steel-nickel or lead-lead ‘‘plates” are employed, and
the cars themselves exhibit a great variety of style
and feature. ~

Three cars of the La Jolla line of the Los Angeles &
San Diego Beach Railway are 40 feet long over all,
29 feet 6 inches over the corner posts, and owing to
the extraordinary width of 10 feet 4 inches, every one
of the 24 cross seats is wide enough for three passen-
gers. The motorman’s cabs, in diagonally opposite
corners, are separated by a bulkhead and door from
the passenger compartment. The operating equip-
ment consists of 202 steel-nickel cells, 10 lighting and
control cells, 4 200-volt, 75-ampere motors operated
at 700 revolutions per minute, multiple-unit control,
and straight and automatic air brakes. The trucks
are of M. C. B. pattern, and M. C. B. couplers are
used. The combination passenger and baggage car
of the St. Joseph Valley Traction Co., Elkhart,
Ind., is 52 feet over all, 9 feet 4 inches wide, and is
mounted on two M. C. B. trucks of 6-foot wheel
base. The main and smoking compartments have
plush-covered reversible seats, while the baggage
compartment has folding benches. The electrical
equipment comprises 225 steel-nickel cells for traction,
five like cells for lighting, four motors of the type
and capacity used on the La Jolla cars, air brakes,
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and series-parallel control. An earlier car of this
type, furnished with 220 cells for traction and 7
like cells for lighting, has been furnished to the
Lorain, Ashland & Southern Railway for service
between Lorain and Ashland, Ohio, the road having
formerly used gasoline cars. A third combination car,
fitted with 225 and 5 traction and lighting cells, respec-
tively, has also been ordered.

The Panama Tramways Co. has ordered 15 cars
equipped with both storage batteries and overhead
trolley. Among the notable features of these cars are
the use of a truck with 7-foot 6-inch wheel base, and
operation as prepayment cars. The cars are 20 feet 6
inches long over the posts, 30 feet 2 inches long over.
all, and 8 feet wide over all. The single-arch roof
used is fitted with four wventilators. The car seats
32 in 14 cross seats and 4 corner seats. The cross
seats are 33 inches wide, with a 22-inch aisle between
them. The electrical equipment per car comprises
four motors and two controllers.

The Lewisburg, Milton & Watsontown Passenger
Railway Co. has been operating with storage batteries
of the lead-lead type since the summer of 1911 over
approximately 11 miles of track on the Lewisburg
and Tyrone Branch of the Pennsylvania Railroad
between Montandon and Mifflinburg, Pa. This com-
pany first acquired trackage rights from the Penn-
sylvania Railroad from Montandon to Lewisburg, Pa.,
a distance of approximately 1% miles, including a
bridge across the Susquehanna River, in order to
connect Lewisburg by trolley cars with Milton and
Watsontown. There being a demand for additional
local service between Lewisburg and Mifflinburg, which,
while very material, did not justify the operation of
steam trains by the Pennsylvania Railroad or the ex-
penditure of the necessary capital to install overhead
trolley wires, the company was able to extend its
trackage agreement with the Pennsylvania Railroad
to cover the distance of approximately 9 miles between
those places, and to place in service a storage-battery
car, which is operated between steam trains on a sched-
ule published in the Pennsylvania Railroad time-table.
Movements of the storage-battery car are subject
to orders from controlling signalmen of the Pennsyl-
vania Railroad. The car makes five round trips be-
tween Montandon and Miffinburg and three round
trips between Montandon and Lewisburg, a total of
about.122 miles per day.

A storage-battery car of unusually large size was
put in operation at the close of 1912 in the service of
handling local passenger and express traffic on a
branch of the Chicago Great Western Railway which
had been, previously operated by steam locomotives.
On account of the requirements of the service for
which the car is intended, the body has been divided
into three compartments, of which one is for baggage
and express, another for smokers, and the third, or
largest, is arranged like a standard passenger coach.
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This car is 49 feet 84 inches long over drawbar, 9 feet
1 inch wide over drip rail, and 12 feet 6 inches from
rail to top of ventilators. It is equipped with 220
nickel-steel alkaline cells for power and ten cells
for light. These batteries are placed under the car in
two compartments, strongly reinforced with struc-
tural shapes and riveted to the underframe. They
are of special railway type, having 3 inches of water
over the plates. The car is equipped with four 20-
horsepower, 75-ampere, 200-volt, series-wound motors,
with a speed of 720 revolutions per minute. Two of
these are placed on each truck, one on each axle. The
axles are stationary and one wheel on each axle is
driven by a gear fastened to the inside of the hub,
the ratio of reduction being 3.5:1. There are two
series-parallel controllers, one on each end of the car,
with four series and three parallel positions. All
power wires are carried in conduit securely fastened
to the underframe. The car is equipped with M. C. B.
couplers of standard height of drawbar, locomotive
type of pilot on each end, a locomotive bell, and an.
electric horn. The equipment includes a straight-air
system of air brakes with a compressor which auto-
matically cuts in when, the pressure drops to 45 pounds
and cuts out when the pressure reaches 60 pounds.
Hand brakes are also furnished at both ends of the car.

The underframe is made up entirely of structural
shapes, riveted together and strengthened with truss
rods on each side. The interior finish is of ash and
polished bronze in, the passenger compartment, which
is 22 feet long. This has 10 cross reversible seats,
seating two passengers each, two stationary cross seats
for two passengers each, and two longitudinal seats
with space for one and three passengers, respectively.
The seats are covered with woven, rattan, and have
the usual bronze grab handles.
is a toilet room with a dry closet and a water cooler.
The smoking compartment is 5 feet 3 inches long, and
has four statiomary cross seats for two passengers
each, the total seating capacity of the car being 36
passengers. The baggage and express compartment
is 15 feet 6 inches long, with sliding doors on each side.
A hot-water heater is placed in it and from the heater
pipes run through the other compartments.

The trucks are of diamond-frame type, and while of
light construction are exceptionally strong. The
wheels are chilled iron, and they are free to rotate
independently of each other on the stationary axles.
This is accomplished by pressing on to each end of the
axle a nickel-steel hardened sleeve over which two
trains of rollers rotate. The rollers in turn are held in
a nickel-steel hardened raceway pressed into the wide
hub of the wheel.

A maximum speed of 35.6 miles per hour on level
track and 29.6 miles per hour on a 2 per cent grade
has been attained with an energy consumption re-
ported at 30.4 watt hours per ton-mile in the former
case and 46.3 watt hours per ton-mile in the latter.

In this compartment
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The car, including the battery, weighs 29.5 tons, and
its train resistance is stated to be 15.2 pounds per
ton and 24.7 pounds per tom, respectively, for the
level and for the 2 per cent grade. While the radius
of action of the car on the rated capacity of the bat-.
teries is 79 miles, the actual radius has been found to
be 89 miles, and on an overcharge the maximum out-
put of the batteries will permit the car to be operated
for 100 miles.

A further development of the storage-battery car
has been its use on the New York Railways of New
York City in the stepless form, with a single truck.
These cars were introduced at the end of 1912, and
have a wheel arrangement similar to that of a single-
truck car. No truck is used, however, the body being
spring-supported directly on the journal boxes. The
use of only-two axles with small wheels has enabled
the designers to bring the points of support near to-
gether and by means of a novel motor drive has per-
mitted the body to be carried practically above the
axles instead of hanging between them as in the origi-
nal double-truck stepless car. However, the feature
of a single 10-inch step from the street to the car floor
has been retained, as well as the fare-collecting ar-
rangement in which the conductor is stationed behind
a change desk opposite the entrance door.

The exterior features include a single-arch roof,
with upward sweep of the eaves at the ends of the
car, permitting front windows of a greater height than
at the sides. There are low-entrance doors at the
sides of the car, but the lower side panel below a
heavy belt rail is concave for wagon-hub clearance
on account of the narrow streets in which the car is
operated.

The interior has, in general, a longitudinal seating
arrangement. There are, however, two stationary
cross seats, one in each half of the car, on opposite
sides, so that they are almost diagonally across the
car from each other. Under these stationary cross
seats are located the motors. Owing to the ramp
which rises from the low center portion of the car at
the doors toward the higher end floors, the longitudi-
nal seats near the ends are at a higher elevation than
those near the center in order to give seats with level
tops without too great a height above the car flooring.
Under the longitudinal seats are the storage batteries,
the entire space thus afforded being used for this pur-
pose except short sections in which are located the
heaters and motorman’s space. Based on a 17-inch
allowance for each passenger, the seating capacity of
the car is 34. All of the seats are covered with rattan,
and in general are 164 inches wide at the hip line.

Separate compartments are not provided for the
motorman, and the entire rear end of the car is in
consequence available for seated passengers, the con-
troller being covered when not in use by a swinging
section of the seat back near the center portion of each
end of the car. At the operating end a removable



TECHNICAL ADVANCES IN THE INDUSTRY.

section of the seat is drawn out of place, turned around,
and reinserted in the horizontal slides in which it moves,
thus forming a seat with a back for the motorman.
When turned around in this manner the seat is
pushed in only part way, so that room is provided for
the motorman’s knees sufficient to allow him to oper-
ate the foot brake. The brake is of the automobile
type with pedals at the extreme ends of the car,
which are consequently concealed by the seats when
these are in the position for use by passengers. The
arrangement eliminates the necessity for a bulky
brake wheel or ratchet handle likely to interfere with
the convenience of passengers or reduce valuable seat-
ing space. Roller curtains are provided at the motor-
man’s sides and back in order to protect him against
the glare from the interior when the car is lighted at
night and to isolate him from the passengers. These
curtaing are carried on rollers attached to the ceiling
and roll up out of the way when not in use. They
are guided by enameled stanchions. '

The main-entrance doors are of the folding type.
Owing to the small seating capacity the door width is
only 25 inches, this being considered ample for the
service in which the car is used. This gives room
for only a single file of passengers, but it provides
extra seating capacity and also permits the use of
a single folding door which can be operated manu-
ally by the conductor, thus eliminating the weight
of an operating mechanism as well as the necessity for
compressed. air, which on this car is not needed for
the brakes. The operating mechanism is a simple
bell crank attached to the door and connected under
the floor by a rod to an operating crank at the oppo-
site side of the car from the entrance. This position of
the operating crank permits the conductor to belocated
in the same position in which he is in the original
stepless car and yet enables him to operate the door
without moving from his position. The car body is
built up on a structural-steel underframe, to the side
sills of which is riveted steel-plate side sheathing ex-
tending as high as the belt rail for the entire length
of the car.

The general dimensions and weights are as follows:

Length over all, 28 feet 9 inches.

Height over all, 8 feet 8 inches.

‘Width at sills, 6 feet 7 inches.

Greatest width at belt rails, 7 feet 9% inches.
Wheel base of single truck, 7 feet 6 inches.
Slope of ramyp in floor, 6 inches in 8 feet 6 inches,
Diameter of wheels, 21 inches.

Height of step from street, 10 inches.

Seating capacity, 34 17-inch. seats.

Weight of car complete, 16,500 pounds.
Weight of battery, 4,300 pounds.

‘Weight of car without battery, 12,200 pounds.

The weight of the car, including the battery as it
stands, is 485 pounds per seated passenger, or for the
car alone without the battery only 360 pounds per
seated passenger.
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The drive is unquestionably one of the most inter-
esting of all of the original features of this car. The
two motors are located under the two transverse seats
diagonally opposite to each other. Hach motor rests
on the bottom framing over a space formed by a
longitudinal I-beam along the center line of the
car, two of the needle beams, and the side sill.
Below the motor is a back gear shaft supported in
bearings attached to the underside of the framing.
On this back gear shaft, which is driven by a gear
meshing with the motor pinion, is a sprocket wheel
from which a slow-speed roller chain drives another
sprocket on the car axle, the latter sprocket being
located just outside of the wheel. The wheels are
2 feet 3% inches nearer to the center line of the car
than the motors, and the chain drive is practically
horizontal, thus permitting vertical motion of the
wheel between the pedestals independently of the
motor supported on the car body. The wheels are
pressed on to the axles and in consequence those on
either axle can mnot revolve independently of each
other. The drive provides for 100 per cent of the
weight upon the traction wheels.

The two motors are of double-reduction gear,
rated at 85 volts and 40 amperes, with a speed of
1,400 revolutions per minute. The gear reduction
is 6 to 1, the first reduction being obtained by the
back gear shaft and amounting to 4.8 to 1, and the
second reduction resulting from the difference in the
sizes of the two sprockets for. the slow-speed roller
chain and amounting to 1.25 to 1. At their rated
capacity the motors deliver about 4 horsepower each.
The batteries, which are located under the car seats,
are of the lead-lead type. There are 44 cells, each of
which provides an initial voltage of 2.1 and a final
voltage when mnear discharge of 1.7. The rated
capacity of the complete battery is 86.4 amperes for
four hours, giving approximately 29,000 watt hours
available on a normal charge. ‘

Efforts have been made to introduce storage-
battery cars for lighter traffic on main lines of rail-
road, although so far no great headway has been made
in that direction. On March 6, 1913, for example, a
car equipped with nickel-steel batteries made the
run from New York to Boston via the New York
Central Railroad from New York to Albany and via
the Boston and Albany Railroad from Albany to

| Boston, a distance of about 307 miles.! This car is

49 feet 8% inches long over drawbar, 9 feet 1 inch
over drip rail, and 12 feet 6 inches from rail to top of
ventilators. It is equipped with 225 cells of nickel-
steel alkaline batteries for power and five cells for light.
These batteries are placed under the car in two com-
partments strongly reinforced with structural shapes
and riveted to the underframe. The car is equipped
with four 20-horsepower, 75-ampere, 200-volt, series-

1 Electric Traction, April, 1913.
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wound, motors. The wheels are driven by gears
placed on the inside exterior of the hubs, the ratio
of reduction being 2.5:1. There are two series-
parallel controllers, one on each end of the car, with
four series and three parallel positions. All power
wires are carried in conduit securely fastened to the
underframe. This car is equipped with M. C. B.
couplers and standard height of drawbar, locomotive
type of pilot at each end, and air whistle at each end
It is also equipped with a straight air-brake system.
using a motor-driven compressor. The interior finish
is of ash and polished bronze. The body is divided
into two compartments, passenger and baggage. The
passenger compartment is 30 feet 2 inches long, with
16 cross reversible seats, two stationary cross seats,
and two longitudinal, seating one and three passen-
gers, respectively. The baggage compartment is
11 feet 10 inches long, with sliding door on either side.
The.total seating capacity of the car is 51 passengers.

The trucks are of a modified diamond-frame type
and are made up of standard shapes and flat plates.
The wheels are chilled iron, 33 inches in diameter,
and are free to rotate independently of each other
on the stationary axle.
are double coil, while the body springs are double
elliptic.

The car without battery and passengers weighs
48,235 pounds; standard battery, 8,525 pounds;
auxiliary battery, 8,525 pounds; light battery, 266
pounds; accessories on car, 500 pounds.

The table herewith contains some interesting
information regarding the car and the trip which it
made from New York to Boston. '

ConpexnseDp RePorT, NEW YoRrK-r0o-Bosron RuN, MaRcE 6, 1913,

Actual running time, 11 hours 6 minutes 51 seconds (11.115
hours).

Total distance (from time-table), 306.71 miles.

Average miles per hour, 27.6.

Total number of kilowatt hours, 369.1.

Average kilowatt hours per car-mile, 1.2,

Total ampere hours, 1,303.

Average ampere hours per car-mile, 4.25.

Average ampere hours per ton-mile, 124,

Average voltage, calculated from ampere hour and kilowatt hour,
283.

Maximum speed, 42 miles per hour.

Average of accelerating current, 203.7 amperes.

Total charging time on run, 3 hours 27 minutes (3.45 hours).

Total ampere hours from charging, 973.

Average charging current, 353 amperes.

Average charging voltage, 429.

Total kilowatt hours charging, 522.

‘Weather conditions: Rainfrom Grand Central Station to Poughkeepsie; lightsnow
from Poughkeepsie to Hudson; heavy snow from Hudson to Chatham; high cross

wind and drifting snow from Chatham fo Springfield; 6° above zero from Springfield
to Boston.

Gasoline and gas-electric cars.—The gasoline car, as
such, has never been regarded as likely to become
available in ordinary street railway service, although
a place has been found for it in interurban work, and,
of course, more particularly on parts or branches of
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The truck pedestal springs

steam railroads. The makers of one leading type of
gasoline car for track service, with mechanical drive,
reported that in April, 1913, some 138 were in use on
50 different railroads in the United States and foreign
eountries. Other makes were also in use but not in
any considerable number in America. Of recent years
a good deal of attention has been given to gasoline cars
with. electric drive, in which the engine operates an
electric generator, whose current is transmitted to

‘electric motors geared to the driving axles, instead of

the engine being connected to the axles by mechanical
gearing. The work in this field has been done chiefly
by onelarge electrical manufacturer and has resulted in
the production of a type that is in use onseveral branch
and interurban lines. Sixty of these cars are reported
as in regular daily service, of which 12 were on the ‘“ Dan
Patch’’ line of the Minneapolis, St. Paul, Rochester -
& Dubuque Electric Traction Co. At the fifth annual
meeting of the International Railway Fuel Association
in Chicago, in May, 1913, Messrs. S. T. Dodd and B. H.
Arnold presented data as to operating conditions and
results with such cars on the Frisco lines and the ““Dan
Patch’” lines. The table for the latter is given here-
with as an example of performance on an interurban
line with a very fast schedule. 'The trailers hauled
consisted of a mixture of passenger, freight, and work
cars. The cost of heating, supplies, and maintenance

"of equipment included also the cost for these trailers.

The longest maximum grade of 1.5 per cent is about 2
miles, and there is one stretch where the grade averages
1.37 per cent for a distance in excess of 4 miles. In
addition to the station stops, there are two compulsory
stops at railroad crossings at grade and ome draw-
bridge stop.

“Dax Parcr”’ Livg—Mmvwzarours, St. Pavn, Rocazster & Du-
BUQUE Eruporrio Tracrron Co.—Cost or OrEraTING Gas-
ErrorrIc Moror Cars FroM JaN. 110 Ava. 31, 1912.

Motor car-miles, 216,498; trailer car-miles, 75,948; total car-miles,
292,446.

Per cent of time trailers hauled, 35.5.

Number of motor cars in service, 8.

Length of line, miles, 87.34.

Maximum grade, per cent, 1.5.

Schedule time for express trains, 1 hour and 17 minutes.

Axverage distance between stops for express trains, miles, 3.734.

Schedule speed of express trains, miles per hour, 29.1.

Schedule time for Iocal trains, 1 hour and 35 minutes.

Average distance between flag stops for local trains, miles, 1.067.

Schedule speed of local trains, miles per hour, 23.6. ’

Gallons fuel used per motor train-mile, 0.758.

Gallons fuel used per car-mile, 0.527.

Average
Cost for costtper ggg%&f
one year, moftor 3
¥ train-mile, | Car-mile.
. Cends. Cenis.

7 S $39,139.71 18.08 . 13.38
Wages of CIoW . ...uuicveiinnii i 12,056. 95 5.57 4,12
Fuel (maphtha)_ 0211 0TI 17,622.26 8.14 6.03
Lubrication (gas engine)... . '1,141. 56 0.52 0.39
Journaloil.............0..... ... - 77.77 0.04 0.03
Supplies and car heating........... 1,389.03 0.64 Q.47
Maintenance of electrical equipmen 1,949, 81 0.90 0.67
Maintenance of cars and trucks. . ..... .| 1,394,56 0.65 0.47
Shop expense of heating................_..... 3,507.77 1.62 1.20
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In the latest cars of the gasoline-electric type, the
car body is built of steel and is designed for the greatest
lightness and strength. The front end of the car is
rounded to reduce train resistance to a minimum when
operating at high speeds. Either center or rear en-
trance is provided to meet the requirements of traffic
in various localities. The cars are built in lengths
running from 40 to 70 feet over all, and weigh from
40 to 50 tons complete. The interior of the car is sub-
divided into passenger, smoker or second-class, bag-
gage, and engine room. The width of the car is 10
feet over all, full advantage having been taken of
standard steam. railroad clearances, and the cars have
a seating capacity which may run as high as 95 or 100
passengers per car, depending upon the interior
arrangement.

The power plant in the engine room at the front end
of the car consists of an 8-cylinder, 4-cycle gas engine
with a speed of 550 revolutions per minute, difect-
connected to a 100-kilowatt, direct-current generator.
The generator is built essentially to meet motor-car
service and is therefore designed for a wide range of
current or voltage, so that the output may be varied

from 400 amperes at 250 volts to 125 amperes at 800

volts. o
The trucks are of an equalized, swing-bolster type,
guitable for the high speeds obtainable with this type
of car. One, the motor truck, is designed for carrying
two driving motors. The other is a standard light-
trailer truck. The motor truck is generally placed
under the forward end of the car and carries .the
weight of the engine-room equipment in addition to
the motors. In such a case as this, about 60 per cent
of the weight of the car is on the driving wheels. In
some cases, however, the motor truck has been placed
at the rear end of the car, under the passenger com-
partment, and under this condition approximately 50
per cent of the weight of the car is on the drivers.
The caris equipped with two 100-horsepower railway
motors. These are commutating-pole motors and are
suited for wide variation in operating voltage. The
gearing is specially selected for the service. The gear
ratio is low enough so that the highest maximum car
speed will not develop excessive rotative speed of the
armatures; at the same time it is high enough to
obtain the requisite starting effort without imposing
excessive overloads on the motors. The car is de-
signed for operation from one end only. The engi-
neer’s seat is located at the righ-hand front window
of the engine room, and controller and throttle handles
are placed directly in front of him. The controller is a
convenient combination of engine and generator con-
trol, with the different levers placed vertically above
"each other and operating at practically the same
center line. The highest of these levers is the throttle
lever, which controls the supply of gas to the engine,
and as a consequence the speed and power of the
engine. Directly beneath this is the electric-control
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handle.. On the first part of the range of this handle
the two motors are connected in series, and the whole
current of the generator passes through each of them.
Successive steps raise the generator voltage from about

'250 volts on the first step to about 700 volts on the

seventh step. By moving the controller, to the next
step the voltage is reduced to about 250 volts, and
at the same time the connection between the motors
is changed, putting them in multiple with each other.
On the remaining steps the two motors are running
multiple, dividing the generator current between them,
and each actuated by the full generator voltagé. This
voltage is raised in successive steps up to a maximum
.of about 800 volts on the thirteenth step. Two final
steps, in addition to this, are suitable for particularly
high speeds on level track.

The engine-generator set is started by admitting
compressed air to the cylinders. This is done auto-
matically on the first opening of the throttle. As soon
as the engine turns over, and the first charge of mix-
tureis exploded in the cylinder, the air is automatically
shut off. Air reservoirs, which supply air for the
brakes and whistle and for starting the engine, are
charged by an air compressor driven from the main
crank shaft of the engine. A small independentengine-~
generator set is supplied for furnishing the lights, and
a separate compressor connected to this engine is used
for charging the reservoirs in case they are entirely
empty.

In Europe the most extensive experience with
electric-drive gasoline cars has been on the Arad-
Csanad Railway in Hungary. This road has been
operating gasoline cars since 1905. At the present
time, the cars are running approximately 1,000,000 car-
miles per annum, and have a total record of over
5,000,000 car-miles. This road’s records of cost of
operation and maintenance of such equipment are
probably more complete and extensive than those of
any other railroad, and show an average cost of main-
tenance of 2.5 to 3 cents per car-mile. These cars
have recently been introduced into this country, and
several are already in use. The car is 56 feet long
over bumpers and 9 feet 6 inches in width, and is
divided into first-class, second-class, engine, and
baggage-room compartments.

Center-entrance cars.

The center-entrance car seems to have made a very
distinct place for itself during the period 1907-1912,
but is still in its earlier stages as to the determination
of standard features. This may be seen from a con-
gideration of some of the types thus far evolved and
put into service. Certainly among the most notable
of these is the “stepless’ or low-step class.

New types in Oleveland.—In 1913 the Cleveland

-(Ohio) Railway Co. added 50 mnew center-entrance

motor cars to its equipment, which represent a marked
departure from the center-entrance trail cars put in
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operation by this company in the fall of 1912. While
the same effort was not made in designing these new
cars to obtain a low floor in the seating space, atten-
tion was directed to the height of the first step from
the pavement, which, as a result, was reduced from
15 inches to 123} inches. The over-all length of these
new cars is 2 feet more than that of the trail cars,
which additional length was not enough to provide for
the motorman’s cab in one end of the body. Partly
for this reason the seating capacity was reduced
from 65 passengers in the trail car to 59 in the motor
car. This reduction in seating capacity is also ac-
counted for in part by the additional width required
in the entrance well because of the new arrangement
of entrance and exit doors. The low-step height from
the top of the rail to the entrance well also made it
necessary to provide two steps from the well to the
car-floor level. These motor cars are operated either
singly or in two-car trains, and are provided with four
motors of sufficient capacity to pull trailers. Their
principal dimensions are as follows:

Length over all, 51 feet.

Length of body, 50 feet.

Truck centers, 26 feet.

Wheel base, 5 feet 6 inches.

Step heights, 124 inches, 12 inches, 7 mchea

Floor to top rail, 2 feet 8 inches.

‘Width over mde plites, 8 feet 2 inches.

‘Width over sash rail, 8 feet 4§ inches.

Height inside, 8 feet.

Height at entrance, 9 feet 7% inches.

Passengers seated, summer, 59.

Passengers seated, winter, 58.

Passengers standing, 65.

Standing room in entrance well, 20.

‘Wheel diameter, 26 inches,

Total weight of complete car, 44,280 pounds.

The design provides for a single-end, center-entrance,
low-step, arched-roof car body, built with an all-steel
underframe and side girders, and a composite body and
roof framing. The side framing up to the sash rail is
formed of a plate girder extending around the entire
car body from one side of the center-entrance doors to
the other. . The body bolsters of these cars are of
special design, and are built up of two pressed-steel
plate channels to form the web members to which the
top and bottom cover plates are securely riveted.
The channels are formed of }-inch steel plates with
holes punched from the webs to reduce the weight.
The top and bottom plates are ¢ inch thick and 9 inches
wide. At each end of the side girders which terminate
at the corner posts the latter are made continuous
across the car, forming both corner posts and roof
carlines. These are constructed of two 2-inch by
2-inch by %-inch angles.

The method of ventilation adopted as standard by
the Cleveland Railway Co. on all plain arched-roof cars
is also used. A small ventﬂatmg louver, running the
full Iength of the car body, is supported on aluminum
brackets with louvers at the sides, allowing air currents
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to play through from all directions, creating a suction
over duets coming up through the roof under the small
ventilating-louver deck. The brackets are reinforced
at the place where the trolley stand and base are sup-
ported. Thirteen ducts leading from the inside of the
car to the roof under the ventilating louver are covered
on the under side of the head lining by neat polished-
bronze registers. These roof openings are placed in
the center of the ceiling, running longitudinally. With
this system it is impossible for snow, sleet, or rain to
reach the interior of the car.

Eighteen windows are provided on the “devil-
strip”’ side of the car body and 14 on the entrance
gside. These, as well as the three windows in the rear
end of the car and the two windows in the motor-
man’s cab, are single sashes arranged to drop into
pockets between the window posts. All sashes are
made § inch thick with brass stiles and cherry rails.

The entrance and exit doors at the center of the
car are built of 1l-inch solid cherry with two glass
panels and brass wearing strips. These doors are
equipped with ball-bearing door hangers and are ope-
rated electropneumatically by & push button set in the
fare-box stand convenient to the conductor. These
doors slide into parallel pockets provided in the panel
between them. A natural red-cherry wood finish,
slightly stained to insure a uniform color, is used in
all interior panelings and moldings. The latter are
free of all corners liable to collect dust and dirt.

The car is designed for single-end operation; conse-
quently the rear vestibule is available for seating
space at all times, and the motorman’s cab is perma-
nently in the front vestibule. The cab occupies a
maximum width of 3 feet 2 inches. The seating
arrangement for passengers is somewhat different from
that in general use, being a combination of cross
and longitudinal seats. The cross seats have pressed-
steel pedestals. Six cross seats occupy each end of
the ear body, with longitudinal seats encircling the rear
vestibule and extending the full length of the ““devil-
strip”’ side of the car. The location of the conductor’s
stand in the entrance well makes it possible to utilize
the opposite side of the car at this point for seating
space. A longitudinal seat has been installed in the
well with a removable panel at one end to provide
for theforced hot-air heater during the winter months.
By this arrangement provision was made for a maxi-
mum seated load of 59 passengers and a total seated
and standing load of 144 passengers. In order to
improve conditions for standing passengers, a continu-
ous handrail supported on brackets 5 feet 11 inches
above the floor runs the full length of the car on the
longitudinal-seat side. Pipe stanchions are also pro-
vided on each side of the aisle at the break between
the car-body floor level and the entrance well.

At the time the mechanical department was consider-
ing the design of these cars, this company had already
adopted the method of fare collection in which a combi-
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nation pay-as-you-enter, and pay-as-you-leaveprinciple
was used. In the center-entrance trail car, however,

. the conductor stood opposite the center-entrance doors
in, the center of the car body. Hence he blocked the
center aisle, and it was also necessary that he stand
with his back to one end of the car. In thenew motor
cars the conductor stands with his back to the panel
between the center-entrance doors, which permits him
not only to clear the entrance aisle but to observe
passengers in both ends of the car body. In operat-
ing this car with the combination system of fare col-
lection the conductor collects fares from passengers
entering one end of the car and from those leaving
the opposite end of the car. The conductor’s stand is
mounted on a slightly elevated platform, which pro-
tects him not only from the accumulations of snow
and moisture in the entrance well during bad weather
but also against being crowded away from his station
by passengers. This method of fare collection was
adopted in order to relieve congestion in the down-
town district during the evening rush hours and has
been found to work quite satisfactorily.

The system of illuminating these new:cars was
adopted as a result of an exhaustive test in car illumi-
nation made by the Cleveland Railway Co. during 1911
and 1912. In this test the illuminating system which
gave the highest efficiency was furnished by five 100-
watt tungsten ‘‘Mazda’’ lamps in satin-finish reflectors
mounted in special shade holders. These lamps were
in series and were mounted on the ceiling along the
center line of the car, and a spare lamp was so con-
nected with a selector switch that it could be instantly
cut into the circuit in case of failure of any one of
the five lamps regularly lighted. In thé new cars,
however, 92-watt lamps securely fastened in electric
pendants and provided with deep reflectors were
installed. Five of these lamps were spaced uniformly
along the center line of the car ceiling with the spare
lamp beside the one over the entrance well. The
selector switch was placed in the panel just back of the
conductor’s stand.

In addition to the usual buzzer system installed
with push buttons at convenient locations on the posts
between, the windows, a light signal was provided.
The signal circuits were so arranged that the signal
lamps in the motorman’s cab indicate the position—
open or closed—of the center-entrance doors in addi-
tion to showing the signals operated by means of the
conductor’s push button. Both thesignal and lighting
systems were also arranged for trailer operation, a
coupler socket and drum switch being provided just
inside the rear buffer.

The brake apparatus of these center-entrance motor
cars is novel in that two 8-inch by 8-inch air cylinders
were employed, one operating the brakes on each
truck, although the hand brake operates on both trucks.
A single lever having equal arms was used with one
end connected to the push rod of the ¢ylinder and the
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other end to the truck-brake pull rod. The two cyl-
inders were in. turn connected by an. air pipe to insure
uniform pressure on both pistons and consequently
equal brake power on both trucks. The brake cyl-
inders were placed horizontally against the large 12-
inch channels each side of the center-entrance well and
were hung from the steel underframing in forged-steel
stirrups.

A hand-brake system was installed, with the usual
drop-handle brake staff on the step side of the motor-
man’s cab. The hand-brake rod was hung below the
step side and side sill and extended to a long lever
operating in a horizontal plane and placed just in front
of the center-entrance well. The other end of this
lever was connected in turn to an extension of the
forward lever of the air-brake apparatus by a slotted
link. From this connection a cable was carried under
the center-entrance well and connected to the pull rod
of the rear-truck brake. ‘

A commutating-pole type of motor having the fol-
lowing characteristics was adopted: Forty horsepower
on one-hour rating; gear ratio, 57:15; and to operate
on 26-inch wheels. It was the aim of the railway and
the manufacturers to produce a motor which could be
adapted to a 26-inch wheel.

The trucks are of special design. They were con-
structed to be equipped with two motors each and to
operate with 26-inch, one-wear, rolled-steel wheels on
axles of 43-inch diameter at the motor bearings and
5-inch diameter at the gear seat and with the rail-
way standard 34-inch by 8-inch journals. Roller side
bearings and ball center bearings were also included.
The wheel base of the truck is 4 feet 10 inches, and the
height from the rail to the top of the complete center
plate is 21 inches with the car body in place.

New types in Pittsburgh.—After experimenting for
a period of nearly two years, the Pittsburgh Rail-
ways Co. has adopted as standard a type of center-
entrance car that possesses many unusual features.
Foremost among these are the small motors and
wheels that permit the car floor to be kept down to
a point which in the center of the car is only 24%
inches above the rail. Another feature is the use of a
front exit as an auxiliary to the center doors with which
the car is furnished. This makes a compromise type,
because the two doors at the center are not used to
provide a separate exit and entrance, but are flexible
in their use, so that, if desired, both may be used as an
entrance or both as an exit. There is no definitely
assigned path for the movement of passengers in and
out of the car, the conductor directing this in accord-
ance with the immediate needs.

This radical departure from the usual custom of
handling passengers along rigidly prescribed lines ig
stated to have been adopted on account of the peculiar
conditions existing in Pittsburgh. In that city it is
customary, on outgoing cars during the rush hour, for
all passengers to be loaded at three or four points
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within the restricted business district. They may be
carried for several miles before any unloading takes
place, and then are dropped off in small groups as on
an ordinary suburban line. The exact reverse of this
process takes place with inbound cars, and in conse-
‘quence the use of both center doors for an entrance or
for an exitis of distinet value in decreasing the time of
stops.

The front-exit door is under the control of the
motorman, and it provides a means for short-distance
riders to get off the car at congested loading points
without interference from incoming passengers. It
also eliminates the necessity for the conductor to leave
the center doors open and unguarded when he gets off
to throw a switch or to signal to the motorman at steam
railway grade crossings. A mirror is installed over
the right-hand front window at each end of the car so
that the motorman can see what the conductor is doing
without having to turn around. The mirror also
~ informs the motorman of passengers moving to the
front of the car to make use of the front-exit door, and
is set at the maximum possible height so that there is

no danger of the motorman’s view being obscured by
| ing slightly above the ordinary height of an arm rest.

the heads of standing passengers.

When the car is in operation the conductor stands
beside a stanchion placed in the exact center of the
car, and entering passengers pass on either side of him
in case both center doors are used for entrances. On
this stanchion are two handles for operating the doors
so that the conductor has no need to move out of his
position. The fare box is carried in a frame of gas
pipe hung from the center stanchion. It may be
swung around on its support to either side of the car,
and when the car is in operation it is located immedi-
ately in front of the open doors, thus providing a clear
space in front of the passengers who make use of the
folding seats along the doors on the blind side of the
car.

There are only two handles for operating the doors,
and they are carried on the center starichion. Each of
these handles operates one of the two doors on the
entrance side of the car. When the car changes ends
and the doors on the opposite side of the car are to be
used, the operating rods which extend over the center
stanchion to the operating mechanism of the door are
disconnected, swung around to the other side of the
car, and connected to the operating mechanism of the
opposite doors. The connections are made by easily
removable pins, and in order to avoid any possibility
of connecting the doors wrongly, one of the two operat-
ing mechanisms on each side and one of the rods are
painted red, and the others are painted black.

The destination signs are located in-the monitor
over the center doors, and at each end of the car is a
large, illuminated route-indication sign in a wooden
frame. :

The seating arrangement of the car is a combina-
tion of cross and longitudinal seats. The ends of the

s eircular seats at both ends of the car.

STREET AND ELECTRIC RAILWAYS.

car are provided with circular seats, no bulkheads
being installed. There is also provided a single seat
attached to stanchions at each end of the car. The
stanchions are used primarily to support a folding seat
for the motorman and to act as guides for a curtain at
the motorman’s back to keep the lighted interior of
the car from obscuring his view at night. Folding
seats are located in front of the unused doors on the
blind side of the car.

There is a ramp in the floor between the trucks and
the center. This gives a rise of 3 inches and, together
with a transverse ramp between the step and the longi~
tudinal center line of the car amounting to 4} inch,
makes the minimum foor height 24% inches. This is
divided into one 15}-inch step from the ground and
one 94-inch interior step. At the front exit the floor
height of approximately 2 feet 5 inches is divided into
three steps, of which two are interior, of about 8% inches
each.

A notable innovation is the use of immovable semi-
‘ The controller
at each end is set below the seat and the shaft is
extended up through the seat and through a pipe rail-

‘When the car is being operated in either direction, the
controller and reverser handles are put in place on the
shaft of the controller drum, the motorman standing
back of the fixed seat at the front end. The con-
troller-drum handle extends through the hollow re-
verser shaft so that both handles have the same center.
Through the pipe railing also extends the shaft of a
mechanically operated sander, and at the right of the
motorman another piece of pipe railing affords a sup-
port for the removable hand-brake wheel and air-brake
handle. At therear end of the car all of these handles
are removed, leaving the pipe railings with no pro-
jecting pieces and permitting passengers to use all of
the end seats.

All doors are of the interior combined swinging and
sliding type standard on the Pittsburgh Railways, and
are mechanically operated by short handles on interior
stanchions. The approximate net door opening is 2
feet 4 inches. 'While the extreme car width is 8 feet 2
inches, the ends are reduced to 7 feet. The cars, com-
plete with double-end control and couplers at each end,
weigh 38,000 pounds. '

Cars on Long Island.—No section of a city previously
neglected or undeveloped has grown with more aston-
ishing rapidity than the portion of Long Island east-
ward of Brooklyn and reached by the newer bridges,
particularly the Queens Borough, passing high over
Blackwell’s Island. The demand for transportation has
been intense, and is being met in some instances by
the newest types of center-entrance, stepless cars.
The Manhattan & Queens Traction Corporation, which
operates between Fifty-ninth Street, New York, and
Jamaica via Queens Borough Bridge, Long Island City,
Elmhurst, and Forest Hills, has 25 center-entrance
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cars. The general design is very similar to that de-
vised and used by the Brooklyn Rapid Transit System.
The seating capacity is 52, and the weight, fully
equipped, 20 tons. The builder could have made the
car a little lighter, but certain restrictions in connec-
tion with operation over the bridge made it desirable
to have a construction with more than the usual factor

of safety. The general dimensions of the cars are as

follows:

Length over vestibule ends, 45 feet.

Length over buffers, 45 feet 6 inches.’

Truck centers, 22 feet.

Height from rail to top of roof, 11 feet.

Length of center-entrance platform between two compartment
bulkheads, 7 feet 1 inch.

‘Width over side sheathing, 8 feet 4 inches.

‘Width over eaves, 8 feet 4 inches.

Width over belt rail, 8 feet 5 inches.

Width over window sill, 8 feet 5 inches.

‘Width of aisle, 26 inches.

Length of seat, 36 inches.

‘Wheel base of truck, 4 feet 6 inches.

The bottom framing is of steel with a 6-inch 8-
pound channel for the bottom member of the side
girder. The side girder is of 29%-inch by #-inch plate
with a 3-inch by 3-inch bar for the top member. The
6-inch channel is made in one piece which is bent down
at the center for the platform or well. The sills are
4-inch, 7}-pound I-beams spaced approximately on
3-foot centers. The vestibule-end frame and the cen-
ter-entrance platform are reinforced with diagonal
braces. The end sill is built up of steel plates and
rolled shapes. The vestibule ends are sheathed with
sheet steel and have buffer shields. Cast-steel bol-
sters are used. ‘

All posts of the body framing are made of 13-inch
by 2-inch by %-inch T’s bent around from side sill to
side sill and forming carlines, and all have post-ash
strips to serve for sash guides. The upper sash is sta-
tionary, while the lower sash is arranged so that it can
be raised. The center-entrance posts are of T’s and
pressed channels with a plate and channel over the
door to provide compression members in the side-
girder construction. The vestibule ends have wooden
posts with outside bar reinforcements.

The roof is of plain-arch type. The T-posts which
form the carlines have ash roof nailing strips bolted
on the top and sides for the attachment of the ceiling.
The roof boards are §-inch tongued and grooved pop-
lar. The vestibule-end roof is supported on ash car-
lines bent to shape. Below the sash rests the cars are
finished in $-inch mahogany sheathing, which is ap-
plied between the posts with an allowance for §-inch
air space between the outside girder plate and this
wainscoting. All the metal trim is of highly polished
bronze.

The flooring in both ends of the car is sloped down-
ward for 3 inches from the bolster to the center en-
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trance, while the floor of the center well is sloped 1
inch downward toward the door.

The pair of center doors on each side are of the slid-
ing type with glass panels; they operate simultane-
ously with the steps. Hinged doors for the use of the
motorman only are provided in the vestibules.

Cars in Brooklyn, N. 'Y —The center-entrance trol-
ley car developed by the Brooklyn Rapid Transit
Co. is a double-end, straight-bodied type, with low-
step passenger entrance and with two exits located
at the center of the car and arranged for the col-
lection, of fare as the passenger enters. The car
floor at that point is 14 inches above the rails at
the threshold, with 2 inches of ramp to the center.
Inside the car is a 10-inch riser from the central
platform subfloor or well to the center aisle on each
side. This aisle has a ramp of 6 inches in 8 feet 6 inches
to the bolsters, from which points the floor is level.

The center entrance and exits are divided by stanch-
ions and railings to give a clear entrance of 321%
inches in the center and a 21§-inch exit on, each side.
The pivoted railing, which can be swung from one
side of the car to the other, depending upon which set
of doors is being operated, divides the incoming from
the outgoing passengers. The lower panels of the
side doors are of clear wired glass to permit unob-
structed observation by the conductor while the doors
are closed. Soft-rubber buffers are attached to the
doors to avoid injury to passengers and damage to
their clothing. A locked swing door 21% inches wide
and 5 feet 5 inches high is provided at each end of the
car for the exclusive use of the motorman. This door
is made of welded steel with one drop and one fixed
sash. ‘

The car seats 58 passengers, making the dead-
weight per passenger 671 pounds. The original seat-
ing plan called for 16 cross seats of reversible type
with a 26-inch aisle between, longitudinal seats at the
center doors, and curved seats at the ends. This gen-
eral plan has been retained as giving maximum seating
capacity without congestion at the center, but
ingenious improvements have been made in seats
which are in or out of service, according to the direc-
tion of running. In the first car of this type, the end
seating was so arranged that the section directly
behind the motorman was hinged upward at each end
when the cab doors were swung out for service, and
the outer ends of the seating near the cross seats
were raised in like manner with the change in direc-
tion. The newer end seat is a semicircle seating
eight passengers and made of four hinged segments,
each quarter circle consisting of-a long segment near
the motorman and a short segment which opens out-
ward to a supporting piece on the adjacent cross seat.
Before the motorman makes up the cab by bringing out
the two swinging sashes he turns over the end of each
half circle of seating, thereby doubling its thickness
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and halving its length. The upwardly hinged seats
were discarded to save time in changing from one end
to the other. The curved:end seats are finished on
both sides, and to avoid the tearing of clothing they
are made with serews which are inserted transversely
through the slats.

In the first car the seats opposite the center door
were arranged, to slide horizontally under the adjacent
longitudinal seats on the higher floor level. This has
been superseded by a new arrangement in which each
half of the seat is brought into place by swiveling it
downward on. a rod carried on. the upper floor between.
the side of the car and an aisle stanchion. 'When not
in use, each half is kept vertical by a double-acting
lock which fits into a retaining bar. Both seat halves
are alike except that one carries a folding leg which
is automatically locked into place when the seat is up.
The seat with the leg is dropped first. These seats
and the pair of center doors mot in service are inter-
locked both mechanically and electrically to prevent
the improper opening of the door.

The cross seats are 34 inches wide. They have but
one pedestal each, the other ends of the seats being
carried by pressings between the posts. The arm
rests are of mahogany. At each side on the upper
level near the door is a longitudinal seat with space
for three passengers.

The motorman’s cab presents a departure from the
original design in that the folding doors have been
replaced by a lighter, cheaper, and faster combination,
consisting of two swinging sashes, which are carried

. only to the height of the seat backs, and an interme-
diate curtain which is drawn down, behind the motor-
man, to screen him from the light of the car interior.
The cab is prepared for service by folding the curved
seat, next swinging out the two sashes to an angle of
about 45°, and then inserting the separator or tiebar,
which when not in use is kept hinged in an upright
position on, one of the swinging sashes These sashes
have curtain grooves, the eurtains being placed in
moldings in the bulkhead above so that when the
sashes are opened in position to form the cab the
grooves will be in the proper place to receive the cur-
tain fixtures.

Fach car is mounted on two ‘‘ maximum-traction’
trucks with 4-foot 6-inch wheel base, equipped with
28-inch driver wheels and 21-inch pony wheels. The
driver axles are of heat-treated carbon steel, with
3%-inch by 74i-inch journals, and the pony axles of
open-hearth hammered steel, with 3-inch by 7i-inch
journals.

The traction equipment consists of two motors
rated at 40 horsepower at 500 volts and 50 horsepower
at 600 volts. These motors are wound for field con-
trol. The gear ratiois 61:14. On tapped field they are
capable of giving a maximum speed of 25 miles per
hour and oun full field a maximum speed of 21 miles
per hour. The motors have a maximum vertical
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height of 2 feet 1 inch and a maximum width of 4 feet
1% inch. Compa,red with older motors, these dimen-~
sions mean a saving of 2 inches’ cleara.nce below the
axle.

Fares and transfers are collected as the passengers
enter. The entrance railings lead the passengers to
the conductor, who is stationed at his pedestal in the
center of the well. The pedestal is a revolving device
with a change table on the top, where fare is paid by
the passengers. The weight of the latest car, including
drawbar fittings, etc., is 28,900 pounds, compared
with 89,550 pounds for the first car.

NEW TYPES OF ELECTRIC SUBURBAN LINES.

At the time the previous report on street railways
was issued there was a marked tendeucy to use direct
current for city and limited suburban traffic and to
use alternating ocurrent for interurban lines. The
direct-current voltage employed was then around 600
or 700 volts. In the interval, direct-current voltage
has been carried up to 1,200 to 1,500 volts, and a num-
ber of new lines using this voltage have gone into opera~
tion. - On the other hand, several new lines have been
equipped by the earlier methods, such as the 40-mile
suburban extension of the Waterloo (Towa), Cedar
Falls & Northern Railway, which uses 600 volts direct
current. More interest attaches, however, to the new
types operating at a direct-current voltage twice as
high, with many incidental economies and advantages.
A few examples may be cited.

Oalland, Antioch & Eastern Railway, Gal. -—Inter-
urban electric systems are fast supplanting the steam
railway in the vieinity of San Francisco. Among
these may be meuntioned the Peninsula System between
San Francisco and San Jose, and the Key Route ex-
tension between Oakland and San Jose, each 50 mileg
in length; the Ocean Shore Railroad from San Fran-
cisco to Santa Cruz, covering a distance of 65 miles,
operated part way as a steam road; the Fresno &
Monterey Railroad, which very materially shortens
the distance from the center of the San Joaquin Valley
to tidewater; the Northern Electric Co.’s line from
Sacramento to Vallejo, which, with the Suisun and
Vacaville extensions, is over 60 miles in length;
and the Oakland, Antioch & Eastern Railway. This
last company operates a regular train service between
Oakland and Bay Point, Contra Costa County, a
distance of 31 miles, and through trains between
Qakland and Sacramento, 85 miles distant.

Starting from the main Oakland depot at Fortieth
Street and Shafter Avenue, the Oakland, Antioch &
Bastern line extends up Shafter Avenue and across
the north arm of Lake Temescal. Thence it winds
up Shepherd Canyon on a 3 per cent grade to the
Redwood Peak Tunnel, which pierces the Coast Range
for a distance of 3,458 feet. Most of the tunnel is
through solid rock, and all that is not is lined with
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reinforced concrete 24 inches in thickness on the sides
and 18 inches in the arch. Located at the east portal
is the largest of the five substations. From Bay Poiunt
across Suisun Bay to Chipps Island the Oakland,
Autioch & Eastern Railway proposes to build a bridge
10,000 feet in length and 70 feet high over the navi-
gable portion of the stream. The estimated cost of
of this bridge is $1,500,000, and work has begun on it.
While this bridge is being constructed, a ferryboat is
used to transport trains across Suisun Bay. This
boat is noteworthy, as it is one of the few gas-operated
boats in the world used for car transportation,

Across Yolo Basin the road is carried on a trestle
13,900 feet long. In the center of this trestle a draw-
bridge bas been erected over Montezuma Slough.
There is a clear opening of 109 feet, and the draw is
operated from land by remote control, a 1,200-volt,
15-horsepower motor supplying the power, which is
transmitted by submarine cable. All of the roadbed
between Chipps Island in Suisun Bay and Sacramento
has been completed. It is heavily ballasted and oiled
to prevent dust. The rails are ferrotitanium alloy,
70 pounds per yard, A. S. C. E. standard. The Oak-
land, Antioch & Eastern enters Sacramento by the
M Street Bridge, owned partly by that company,
partly by the Northern Electric Railway, aund partly
by the counties of Sacramento and Yolo. Between
towns a speed of 60 miles per hour is maintained.

" Current is supplied by the Great Western Power Co.,

whose main power house is on the Feather River, 18
miles north of Oroville. TFive substations are required
for the service of the Oakland, Antioch & FEastern
Railway. They are 17 miles apart and are located
at the east portal of Redwood Peak Tunnel, at Con-
cord, at Montezuma, at Main Prairie, and at Glide’s
Levee, respectively. The standard substation equip-
ment consists of one 750-kilowatt motor-generator
and switchboard. These comprise one 1,300-volt,
interpole, direct-current generator rated at 514 revolu-
tions per minute; one 1,080-horsepower, synchronous,
11,000-volt, 3-phase, 60-cycle motor, with one 18-kilo-
watt, 125-volt, direct-current exciter on the shaft; one
switchboard equipped with synchronous-motor panel;
one direct-curront general panel; and three direct-
current feedor panels. The substation at Redwood
Peak, which provides for the heaviest load, is equipped
with two complete sets of this equipment, while each
of the other four substations has but a single set.
There is also one portable substation of 350-kilowatt
capacity.

The overhead catenary construction is 1,200-volt
No. 000 trolley, {5-inch steel messenger, with a 600,000-
circular-mil aluminum feeder. Pending the completion
of the bridge across Suisun Bay, current is being trans-
mitted from Bay Point beneath the surface by two sub-
marine cables.

The company operates fourteen standard cars and
two parlor cars. The former are 56 feet in length over

381

all, 10 feet wide, and are divided into express, mixed
passenger, and smoking compartments. There is
seating capacity for 50 persoms. The cars are pro-
vided with electric fans for summer and electric heat-
ers for winter. Electric lights overhang all seats. The
parlor cars, attached to the express trains, will seat
60 passengers and are provided with well-appointed
buffets. Each car is equipped with four 140-horse-
power, 1,200-volt, direct-current; interpole railway
motors, control, and two dynamotor compressors.
The trucks are of standard ‘‘trunk-line” type.

The heavy freight traffic is handled by two 50-ton
electric locomotives, each equipped with four 160-
horsepower, 600/1,200~volt direct-current interpole
motors, electrical control, and two dynamotor com-
pressors.

Nastwille-Gallatin (Tenn.) 1,200~volt line.—A. 1,200-
volt direct-current interurban line has been completed
and put in operation between Nashville and Gallatin,
Tenn. It traverses a densely populated district
northeast of Nashville and bordering the Cumberland
River Valley for a distance of 27 miles. Except in a
few places, the entire line is built on a private right of
way, paralleling the old Gallatin turnpike, which
passes through what is kmown as the ‘‘Blue Grass”
district of Tennessee. Throughout the entire length
the territory is urban in character, with a population
averaging 800 people to each square mile on each side
of the road.

This new line of the Nashville-Gallatin Interurban
Railway sprang immediately into prominence as an
interurban road because of the fact that it is the
longest in the state of Tennessee. It is built with 70-
pound rails laid on standard-size white oak ties spaced
seventeen to 33 feet. The ruling grade is 3 per cent,
and the maximum curvature 6 degrees, except on that
portion of the city lines of the Nashville Railway &
Light Co. by which access to the business district of
Naghville is obtained.

The private right of way averages approximately 50
feet in width, except in places where this was not
sufficient for heavy cuts and fills. To fix the align-
ment of all curves which are spiraled, 4-inch by 4-inch
oak-post monuments are set in conerete at all points of
spiral, at points of compound curves, and at points of
tangency. These permanent monuments are set 7%
feot from the center of the track and painted with
black letters on a white background. They show the
degreo of curve and elevation of the outer rail, and the
monuments at points of spiral and at points of com-
pound curve give the length of each. Practically all
the heavy excavation is in solid rock, which made
grading exceedingly expensive. Standard roadway
sections include a 12-foot roadbed with 1% to 1 slopes
on embankments and a 14-foot roadbed in excavation.
The standard slope in all rock cuts is § o 1.

The overhead trolley and transmission lines are
carried on a single line of 35 feet, 7 3-inch-top chestnut
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poles set at 100-foot intervals with the face 8 feet from
the center of the track. Two of the three No. 4 con-
ductors constituting 33,000-volt, alternating-current,
'3-phase transmission. line are carried on a 5-foot two-
pin cross arm near the top of the pole, with the third-
phase conductor on a pole-top insulator. This arrange-

ment permits a 52-inch spacing between the three

conductors. This transmission line extends from the
generating station, of the Nashville Railway & Light
Clo. at Nashville to the substation at Hendersonville.
Pipe mast arms are attached to the pole below the
transmission, line so as to give 18 feet clear head room
between, the top of rail and trolley. Just below the
mast arm a standard cross arm is applied which
_ varies in length according to the number of signal
wires. This cross arm also carries the feeder on the
ingulator nearest the trolley. The telephone circuits
are on bracket insulator pins below this cross arm.
Both the trolley and feeder wire are of No. 0000 round
copper, and the latter is strain-guyed every quarter of
o mile and at approaches to all important curves.
The initial rolling stock for this 27-mile road in-
cluded four interurban passenger cars and one baggage
car. The passenger cars are 50 feet 6 inches long over
all by 8 feet 5% inches wide. The bodies are of arched-
roof design, for single-end operation, with under frames

of composite construction which are under- and over-

trussed.
The car body is divided into a passenger and a smok-
ing compartment, and the latter also serves as seating

space for colored passengers. The motorman’s cab is

of good size, being 6 feet 3 inches over all, to provide
space for light baggage. A two-leaf folding door on
the right side of the cab permits the colored passengers
to enter the compartment reserved for them without
passing through the car. A 42-inch sliding door on
the opposite side of this vestibule serves for loading
and unloading the baggage. The rear platform is
equipped with a single 36-inch two-leaf folding door
and a triple-tread coach step on the right side. The
total seating capacity is 54, with seats for 16 passen-
gers in the smoking and colored-passenger compart-
ment, and 36 in the main compartment. The interior
finish, including linings, moldings, doors, and sash, is
of cherry, mahogany finished, and the seats are up-
holstered in rattan, with brass fittings.

Four 600-volt motors are included in the car equip-
ment. Two motors are connected in series for 1,200-
volt operation, and are capable of 50 miles per hour.
A change-over switch in the motorman’s cab permits
the motors to be operated in multiple when the car
passes from the 1,200-volt interurban line to the 600-
volt street railway line in the city of Nashville. The
express and baggage car is arranged for double-end
operation, and like the passenger car is built with a
composite underframe and an arched roof.

The most novel feature in the auxiliary equipment
of this express car is an installation of two small power

and one-half years of single-phase operation.

nominal rating as the former ones.
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cranes to facilitate the handling of heavy freight.
The underframing of the car body. was reinforced to
carry the additional strains imposed by the operation
of these cranes. The hoist standard is composed of
two sections of channel iron fitted into castings on the
car floor, and just above the 7-foot sliding doors.
These castings form a pivot for the vertical member,
which in turn supports a horizontal boom. Inside of
the channels of each crane a 3-inch air cylinder with a
24-inch piston stroke has been installed with the
cylinder at the bottom, which permits the piston to

travel upward.

A sheave wheel is mounted just above this air cylin-
der and on a level with the horizontal member of the
crane. This wheel and asecond sheave wheelset in the
end of the pistonrod are employed in raising and lower-
ing loads to and from the car. The horizontal boom
is built of two plates placed so that a pulley may be
set between them, five pairs of bearing notches being
provided for this purpose. The location of the pulley
on the boom depends on the weight of the load and its
distance from the car door. With a normal air pres-
sure on the car, the hoist is capable of lifting 800
pounds. Each hoist is pivoted beside the sliding doors
so that it may be swung out through the door open-
ing. A hose-and-pipe connection to the air-brake
reservoirs supplies air to the hoist cylinder, which is
operated by a straight-air valve attached to the side
of the upright member of the hoist.

Pittsburg-Butler high-voltage railway.—The Pitts-
burgh & Butler Street Railway was the fifth single~
phase interurban road in the United States to substi-
tute 1,200-volt direct current for the single-phase
alternating system. The road affords an unusually
good opportunity for a comparison of the relative
merits of the two methods of propulsion, as it had five
With
the 1,200-volt direct-current apparatus the same car
bodies are used, and the new motors are of the same
Under these con-
ditions a reduction in power consumption per car-mile
of not less than 15 per cent has been shown by a com-
parison of power-house records for the months of Au-
gust, 1913, and August, 1912. In addition, the me-
chanical and electrical force at the car house was re-
duced 54 per cent, exclusive of car washers, ete.

The total length of road operating in 1913 on 1,200
volts was about 28 miles. For a distance of 6 miles,
from Etna to the Pittsburgh terminal, the cars operate
on the 600-volt trolley over the tracks of the Pitts-
burgh Railways. At the Butler end of the line the
substation of the Butler Passenger Railway, an affili-
ated company, is utilized to supply current to 4% miles
of track. .

The track gauge is 5 feet 2% inches, conforming to
that of the Pittsburgh Railways. The road for the
greater part of the way passes through a hilly country,
making operation especially severe on account of the
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extra power requirements and the unusually heavy
duty on the equipment. There are three grades aver-
aging from 7 per cent to 9 per cent, while frequent
lesser grades range from 3 per cent to 5% per cent. A
‘grade of 9 per cent is encountered near Etna, and at a
point about 5 miles north of the Gibson substation,
near Bryant, the south-bound cars ascend a 6 per cent
grade with an 8-degree curve. The road from Etna
to Butler is single track throughout, and with the ex-
ception of short stretches through the larger towns,
is over a private right of way.

Electric energy generated at the power house at Ren-
frew, 51 miles from the Butler terminal, is transmitted
to two rotary converter substations at 22,000 volts,
and there is transformed to direct current at 1,200
volts. The power house at Renfrew, which was orig
inally used to supply single-phase current to the
trolley through transformer substations, has been
adapted to supply 3-phase current to the rotary sub-
stations. This power house contains one 1,500-kilo-
volt-ampere and two 750-kilovolt-ampere horizontal
steam turbine units connected to deliver 3-phase, 25-
cycle, 6,600-volt current. By a rearrangement of the
single-phase transformers, this current is now stepped
up to 22,000 volts, 3-phase, for transmission. Besides
the supply to the 1,200-volt substations at Mars and
Gibson, alternating current is transmitted to the 600-
volt substation of the Butler Passenger Railway at
Butler. The same 3-phase lines provide power for the
lighting circuits in that city and in towns along the line.

There are two substations containing identical
equipment, one at Mars, adjoining the car house, and
one at Gibson, near the city of Etna. A transmission
line of three No. 4 copper wires extends the entire
length of the system, the original single-phase line
having been utilized by the addition of a third wire.
The 1,200-volt circuit also was reinforced by additional
feeders, and the rail bonding was, of course, renewed
throughout.

The substation and car house at Mars are approxi-
mately 17 miles from Etna and 16 miles from Butler.
The distance to the Renfrew power house is about 10
miles. The two equipments in each substation are in
exact duplicate, each consisting of a 300-kilovolt-am-
pere, 25-cycle, 1,200-volt synchronous converter, a 300~
kilovolt-ampere, 3-phase, oil-cooled transformer, and
the necessary switchboard with feeder and starting
panels. The incoming 22,000-volt circuits are pro-
tected by a four-tank aluminum lighting arrester.
These lines are also provided with choke coils and dis-
connecting switches. On the high-voltage side of
each transformer are three single-pole, 22,000-volt,
300-ampere automatic oil switches, installed in brick
cells and hand operated by means of switch levers
mounted on a slate panel.

The transformers are Y-connected, with 740-volt
secondaries. Four 2% per cent taps are provided in the
primary side, thus allowing adjustment between 19,800
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volts and 22,000 volts. A one-half-voltage tap is pro-
vided on the secondary side for starting purposes.
These transformers are of the standard railway type
with high inherent reactance.

The synchronous converters are rated at 300 kilo-
watts, 750 revolutions per minute, 1,200 volts, and are
provided with the usual end—play, speed-limit, ‘and
brush-raising devices. These machines are capable of
50 per cent overload for two hours and three times nor-
mal load momentarily. A separate switch panel is
used for starting from the alternating-current side.
The direct-current switchboard consists of four stand-
ard 1,200-volt panels, including a synchronous con-
verter panel for each machine and two feeder panels.
A standard 1,200-volt, direct-current aluminum light-

‘ning arrester is provided for each of the outgoing feed-

ers. One machine is sufficient to handle the entire
load except for a few hours in the morning when the
first cars are leaving the'car house. The proper taps
are used on the primary side of the transformer to give
1,300 volts on the direct-current side of the rotary
converter.

The Gibson substation is 1 mile from the end of the
line at Etna, and contains exactly the same equipment
as the Mars substation.

As mentioned before, at the Butler end of the road
for a distance of 4§ miles the trolley is fed from the 600-
volt substation of the Butler Passenger Railway Co.
The present equipment of the substation includes two
500-kilowatt synchronous converters, which have
ample capacity to take care of the maximum load
requirements of both systems.

Eleven of the 13 original single-phase car equip-
ments have been replaced by 1,200-volt, direct-current
apparatus. These cars include 10 combination passen-
ger and baggage cars and 1 expresscar. The passenger
cars have passenger and smoking compartments, and
all but 2 are provided with baggage compartments for
light freight and package express. The total seating
capacity is 52 passengers, and the estimated weight
of the car with average seated load is 37 tons. This
is a reduction of 6 tons from the weight of the same car
equipped for single-phase operation. This reduction
was made possible by the elimination of the trans-
former and duplicate alternating-current, direct-cur-
rent control, and a reduction of 1,500 vounds in the
weight of each motor.

The principal dimensions and weights of these cars
are shown in the following statement:

Length over all, 51 feet 3 inches.

‘Width over all, 8 feet 13 inches.

Height from track to roof, 13 feet 6 inches.
Distance between truck centers, 27 feet 6 inches.
‘Wheel base of truck, 6 feet 8 inches.

Weight of car body, 30,000 pounds.

Weight of trucks, 17,000 pounds.

‘Weight of electrical equipment, 22,000 pounds.
Weight of brakes and compressors, 1,800 pounds.
Average passenger load, 4,000 pounds.

Total weight, 74,800 pounds.
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The electrical equipments of these cars are identical,
with the exception of the gear reduction on the
express car motors. The four motors used on each
car are of the internally ventilated, commutating-pole
type, rated at 100 horsepower on 600 volts.

The installation of the apparatus on the cars is an
unusually good example of car equipment, and several
features deserve special mention. All wmng is in
conduit, and every conduit is a straight pipe, which
simplifies the pulling in of wires and cables. Special
cast-iron outlet boxes are suspended directly over the
resistance grids, and the grids themselves are care-
fully insulated to prevent damage from snow. The
motor leads are slso well protected from injury by
use of cast-iron terminal boxes on the car and special
wooden terminal blocks on the motor case. Kach

lead is covered with rubber hose armored with brass

wire, and the outlet box is placed near the center of
the bolster to obtain maximum flexibility. Hangers
and boxes, and in fact all accessories, are interchange-
able on all cars.

- Among the changes made in the cars to adapt
them to direct-current operation is included that in
the roof covering. With the single-phase equipment, a
- grounded copper sheathing was used on the car roof
to ground a broken trolley wire. For direct-current
operation the cars are covered with canvas, and the
trolley deck running the entire length of the car is
insulated for 1,200 volts.

The change from 6,600 volts single-phase to 1,200
volts direct-current was accomplished without inter-
ruption to traffic. After the first two cars had been
equipped for 1,200 volts, the system was changed over
from Butler to Mars, passengers being transferred to
the single-phase cars at Mars. On August 1, 1913,
direct current was thrown on the entire system, and
four additional cars were put in service on the regular
schedule. Since the inauguration of the 1,200-volt
service no trouble of any kind has developed in the
operation of the electrical equipment.

TRACK CONSTRUCTION.

Maintenance of track is one of the large and serious
problems of the street railway industry. The subject
has been covered fully in previous reports, but these
necessarily dealt with conditions subject to constant
change. Of these changes and developments no more
striking or interesting illustration could be given than
the history of the girder rail so largely in use in
American cities for street railway service. At its
meeting in Atlantic City in 1913, the American Electric
Railway Engineering Association adopted four stand-
ard girder rails for tangent and curved tracks on
paved streets. In commending this action, Mr. Martin
Schreiber, engineer of maintenance of way of the Public
Service Railway Co. of New Jersey, noted the fact
that three years earlier no fewer than 200 different
types of rail were found to be in use in the industry.
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Data on girder-rail development.—While it was true
that “live’” sections were considerably less than this in
number, still many of the sections in use then were
available, and rolls and equipment were yet on hand
for the manufacture of many of them. It is only fair
to concede that electric railway engineers had fully
realized that standard rails would eventually mean
better service and cheaper track, but the situation
had not been altogether in their control. Besides, the
development in the electric railway industry, espe-
cially of equipment, was not mature, and the time has
hardly been ripe for standard rails until now.

Mz, Schreiber traced the development of the stand-
ard girder rails that were finally proposed by the
engineering association. The first actual design of the
grooved girder rail for paved streets was that proposed
as standard by the committee on rails and rail matters
of the American Street and Interurban Railway Asso-
ciation, presented at the 1907 convention. There were
two 9-inch and two 7-inch grooved rails, the former
weighing 137 pounds and 122 pounds to the yard, re-
spectively, and the latter weighing 122 pounds and 98
pounds to the yard, respectively. In the same report
were also recommended two 7-inch and two 9-inch
tram rails, together with designs for 7-inch and 9-inch
guard rails for use with both grooved and tram sec-
tions. The committee on way matters for 1910 ap-
proved the prmclples outlined in the previous reports,
but submitted in detail for consideration new designs
for 7-inch and 9-inch grooved girderrails. The reasons
for submitting alternative designs were that the com-
mittee considered the previous sections to be too
heavy and their first cost too high.

In 1911 the same committee revised the work of all
preceding committees and confined its attention to the
design of a 9-inch grooved girder rail, submitting a
thorough and careful analysis of the principles which
governed each detail. The design submitted by this
committee comprised one radical departure from any
other rail section that had previously been in use or
proposed, in that it provided for a tapered web. The
reason given by the committee for the change in design
was a mathematical one. It was explained that in the
case of wagon loads on the tram, or when cars sway
from side to side, the web acts as a cantilever and its
stability is directly proportional to the cube of the
cross section at the base. The 9-inch rail submitted by
the committee, therefore, had about two and one-half
times the stability of the rail with the straight web
nine-sixteenths inch thick, although containing prac-
tically the same quantity of metal. The committee
of 1911 was very anxious that the 9-inch girder rail
proposed by it should be adopted as standard, but the
convention decided that it would be better to prepare
designs for both the 7-inch and 9-inch rails for straight
track and the 7-inch and 9-inch rails for curved track,
rather than a design for one rail only. Accordingly,
the committee on way matters for 1912 approved the
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9-inch design submitted by the 1911 committee and
also presented three additional designs covering a 7-
inch grooved rail for straight track and a 7-inch
and a 9-inch guard rail for curved track. Although
these four designs appeared to be very nearly what
wag required, the committee on standards did not
approve the recommendations of the way committee,
principally on account of the contour of the throat of
the guard rail, and referred the whole question back
for further action of the way committee reporting to
the 1913 convention. '

The 1913 committee on way, guided by the experience
of all previous committees and the large number of dis-
cussions that had occurred, was determined to produce
satisfactory designs. Accordingly, it submitted at
the 1913 convention plans for four standard rails, in-
cluding those for straight and for curved track, both
7-inch and 9-inch. Not only were these designs ap-
proved by the committee on standards, but the action
was also ratified by the convention, and the rails are
now the standard for the association. . Thus, after six
years of continuous work, there are four standard
rails. It is interesting at this time to compare the
original rails, as produced by the 1907 committee,
with the rails recommended by the committee of 1913.
If one compares only the weights of the rails, there is
very little difference. Closer examination, however,
develops the fact that a great deal has been accom-
plished. In the first place, in 1907, 16 rail sections
were proposed as standard, in 1913 only 4. This is
due to the fact that the 1913 committee felt justified in
eliminating the tram rail altogether, and to the further
fact that it proposed only one 7-inch and one 9-inch rail
instead of two of each. At any location where a tram
rail would be allowed by the municipal authorities, it
seemed that a T-rail would be just as eflicient from
the latter’s point of view, and certainly greatly to be
preferred to any other type of rail from the railway com-
pany’s standpoint. If the T-rail were not approved, it
seems that there would be no reasonable alternative
but the grooved girder rail.

One of the 9-inch grooved rails of 1907 weighed 137
pounds and the 9-inch grooved rail of 1913 weighed
134 pounds—a difference of only 3 pounds. There are,
however, material differences in design. The contour
of the head is modified, in that the width of the wearing
surface of the later rail is 2} inches as against 2% inches
in the old rail. The depth of the bevel of the new
design is {5 inch greater than in the 1907 rail, and the
length of the bevel is § inch greater. The advantages
of these changes accrue principally to railways that are
still ‘using a narrow tread of wheel,in that they allow
longer life of the rail before ridges appear on the wear-
ing surfaces. The over-all width of the head aof the
1913 rail is  inch greater than that of the 1907 rail,
and the depth of the lip below the head is § inch less.
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These latter changes were made to afford better pav-
ing and vehicular conditions.

Another important improvement in the 1913 rail is
the increase in depth of the groove from 1% inches to
1{ inches. This point was very difficult to decide, on
account of the early practice providing a depth of only
1} inches, while some of the rail rolled during the last
few years has a depth of 13 inches. Itis very desirable
to have the groove deep to give maximum wearing
value to the head; nevertheless, this has been thought
undesirable by many, because of vehicular traffic and
of the cutting down of the fishing depth, especially in
the case of the 7-inch rail. The design of the web of
the new rail is entirely different from that of the old in
that the taper of the 9-inch rail is § inch at the top and
# inch at the bottom. This arrangement increases the
stability, tending to prevent corrugation, which has
been 8 serious menace, particularly in the last few
years. The width of the base of the heavy 1907 9-inch
rail was 6% inches, while that of the rail proposed by
the 1913 committee is only 6 inches. In the com-
mittee’s opinion, it was only necessary to design a base
that would be of sufficient width for bearing, and at
the same time the narrow base allowed more uniform
rolling.

Generally the same arguments apply to grooved
guard rails, but in the latter there is a distinct tendency
toward a change of contour and an increase in the
width of the throat. The design of the throat of the
guard is altogether a question of construction of the
equipment. The equipment has been considerably
developed since the 1907 committee’s deliberations
were presented. In fact, it is now generally conceded
that it is necessary to provide a guard that will take
care of a standard A. E. R. E. A. flange and a wheel
base varying from 4 to 6 feet, with radius of curved
track varying from 40 feet upward. The fact that the
throatin the guard rail had been designed only 1}inches
deep seemed to be an advantage because the wear on
the guard is not apt to come on the bottom of the
groove but rather on the sides, and the decrease of the
groove allows an increase in the depth of the guard,
which is desirable on account of the large strain on
the guard by the wheels of cars taking curves.

T-rail construction.—A. very large amount of T-rail
construction is in use throughout the country, and
there is abundant evidence as to its persistence as a
type. Its prevalence can best be shown, perhaps, by
considering one part of the country. A description of
conditions in Connecticut, by Mr. R. C. Cram, form-
erly of the Conmnecticut Co., furnishes the required
data, while the report of the public utilities commission
of Connecticut for the year ended June 30, 1912, is
one of the very few state reports giving data as to
type of rails and pavements used by street railways.
An analysis of the report shows that the 10 operating
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companies in the state reported a total of 1,055 miles
of single track. Five companies, operating about
150 miles, reported no girder rail whatever, thus con-
fining the use of girder rail to the other five, four of
which reported only 7 miles of girder rail about evenly
divided between the tram and the groove girder
types. .

Of the total mileage in the state, approximately 93
per cent is laid with 40-pound/95-pound T-rail, 4%
per cent with 70-pound/96-pound tram girder, and
24 per cent with 85-pound/125-pound groove girder.
Substantially 91 per cent of the girder-rail mileage
is confined to the lines of the Conmecticut Co., with
about 60 per cent of this confined, in turn, to the lines
in Hartford. In that city practically all of the origi-
nal tracks were laid with tram girder rail, and these
must be replaced with groove girder, as occasion
arises, in accordance with an agreement between the
city and the company made several years prior to the
time when the Connecticut Co. acquired control of the
property.

With regard to pavement, an analysis of the report
shows a total of 336 miles of single track paved with
various types of pavement. Included in this total,
however, are 26 miles of stone ballast (backfill above
ties) which is not properly to be considered as pave-
ment except for purposes of accounting. The net
mileage of paved track is therefore found to be 310
miles, or approximately 29 per cent of the total
mileage of tracks reported. The Connecticut Co. re-
ported 288.1 miles paved, or substantially 93 per cent
of the total paved mileage.

The following table shows the percentage which the
mileage of each type of pavement used by the Con-
necticut Co. forms of the total paved mileage of that
company:

ConNEcTICUT C0.—PERCENTAGE DISTRIBUTION OF PAVED
MireAGE.

Per cent

of totdal
A

CLASS. £ﬂeaga

company.

B Y11V £« o U 6
1

Cobble.....
zﬁs l}alt...(.i ...... e Bioi s

algian and granite block.......ooveiiimiii
Wo%d 03T <
Bitumingus—Macadam and bitulithie. cen

corpranitd
RV EEDIOH

If the mileage within the limits of the city of Hart-
ford be excluded, it appears that about 90 per cent of
the paved mileage in Connecticut is laid in conjunc-
tion with T-rail. ‘ '

As to the T-rail and pavement situation on the lines
of the Connecticut Co. in the largest five cities in the
state, the two tables immediately following are
significant: .

CoxNEcTICUT C0.—PERCENTAGE OF MILEAGE PAVED AND PERCENT-
AGE oF T-Raxr ixn Lareest 5 Crries.

KIND OF RAIL—PER
. CENT.
Mileage | Per

incity { cent

limits. | paved. Trail Tram | Groove

* | girder. | girder.

133, 605 86.0{f 200.0{........l........
102,054 40.0 99.0 88.0 8.0 4.0
98,915 50.0 96.0 10.0 50.0 40.0
78,141 34.0 79.0 88.0 8.0 4.0
43,916 13.0 8L.0 | 100.0 |......ofieiieaos

ConNECTICUT Co.—PERCENTAGE DISTRIBUTION, BY CLASSES, OF
Pavep Miueaae WrraiN Crry Livirs oF LAreesT 5 Crries.
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Waterbury...... 6.0 21.0 01520 1.0 ... ..].... 9.0 (...
New Britain..... (N1 PO TN FUN EEEREE AETTILE LO| 23.0f.......

N o1E.—Belgian and-granite block are not separated in statereport. Bitulithic
included under * Bituminous macadam.” :

In commenting on the first and third of these tables
it is to be noted that macadam, in general, is the pre-

“dominating pavement in the largest cities, as well asin

the total paved mileage in the state. The exception
noted for the city of Waterbury, where cobble is found
to predominate, is accounted for mainly by the fact
that much of the mileage in that city is laid on quite
heavy grades, where macadam is exceptionally hard to
maintain between the rails, and also because it has
generally been the custom to pave the tracks there
with cobble whether the roadways outside are paved
or not. :

The objects sought were to provide a minimum
flangeway for the maximum wheel flange in wuse, to
eliminate both groove rail and special groove or nose
block, to provide a reasonably smooth crossing for
team traffic at right angles to the tracks, and to pro-
vide facilities for wagon wheels to turn out from the
tracks with comparative ease as well as with safety.
It is believed that these objects have been and are
being satisfactorily attained. This is particularly
worthy of note because the commission is the sole
authority on the type of track construction to be used
in streets, and its approval must be had in all cases of
track reconstruction. In this connection it should be
stated that while the commission, in many instances,
has approved the installation of T-rail, it recognizes
the fact that at times there may be some locations
where groove girder rail would be preferable, also
that the width and grade of streets and the volume
and character of traffic must be carefully considered
in any decision as to which rail may be the more
suitable under all conditions. In only one case so
far, however, has the commission ordered a groove-rail
construction, after full investigation.
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Methods of paving.—As to pavement, the experience
of the Connecticut Co. has probably been about as ex-
tensive as that of any of the other important systems.
The railways in Connecticut have only a limited control
over the type of pavement laid within the track area,
since they are required by statute to lay the same type
of pavement in their section of the street as that laid
by the municipalities in the other part of the street.
Nevertheless, they are not required to lay a pavement
which is more expensive, nor are they absolutely held
to the same type provided they lay a pavement which
is considered equally good as compared with that laid
outside the railway area. As a rule, however, the prac-
tice is to lay the same type, the work being done by the
same contractor under a separate contract with the
railway company. There have been a few exceptions
to this rule, where the contractor’s bid for the railway
work was in excess of the bid for the rest of the road-
way. :

The predommance of maoadam may be accounted
for, in general, by its low first cost, the abundance of
trap rock, and the fact that until the advent of the

automobile a good water-bound macadam roadway

was sufficient to withstand all but the most concen-
trated traffic in the immediate centers of the cities and
towns. Moreover, it can be well laid even with a
5-inch, 80—pound T-rail, is maintained at moderate
cost, and is somewhat more adaptable for use with the
T-rail than with the glrder rail. It is thought that
the tendency toward oiled macadam and the more
recent forms of bituminous macadam will result in
the continued use of such macadam pavement in
connection with tracks where traffic is moderate and
where the width of streets does not cause excessive
wagon tracking at the gauge lines.

According to the tables, brick pavement is next in
extent. The older types consisted mainly of the small
vitrified shale pavers, while the more recent ones are
constructed with the present standard paving brick or
block. They have been laid almost universally with
cement-grouted joints on a sand cushion and a 6-inch
concrete base. The quite general adoption of brick
in the past as a pavement may have been due to the

fact that until the introduction of the modern types

of grouted granite and wood-block pavements it was
the only alternative to asphalt in the so-called ““perma-
nent pavement’ class, and asphalt has never found
much favor in Connecticut cities.

As a track pavement, brick has proved quite satis-
factory up to the point where traffic following the
rails becomes excessive. It can be well laid in con-
nection with T-rail, and is quite readily replaced after
street openings and track repairs, though at consider-
able loss of material. The use of any form of special
“nose” or groove blocks, however, has proved very
unsatisfactory. Moreover, it should be stated here
that these installations of groove blocks were made
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only wunder vigorous protest on the part of the
company.

‘While cobble appears as next in lmportance in the
first table, it will suffice to say that its use is gener-
ally confined to tracks in outlying districts, often on
grades, in streets as yet otherwise unpaved. As a
material for this purpose cobble is very good, providing
firm foothold for horses, and preventing the rutting
between the rails which usually occurs, after a time,
where tracks are merely back-filled with earth or
gravel.

Asphalt occupies a rather a,nomalous position in the
list, since it is confined practically to one city. What
little remains in tracks elsewhere will no doubt be dis-
placed within a year or two. There is every reason to
believe that much of the disfavor in which asphalt is
held as a pavement for railway streets in Connecticut
is the result of its installation in connection with tracks
which were too old and were in no way as substantial
as the modern construction. Later installations would
indicate that asphalt can be laid and fairly well main-
tained, under moderate traffic, in connection with s
heavy groove girder rail. Tt is thought, however, that
the well-known troubles incidental to asphalt main-
tenance are sufficiently grave to make its installation
undesirable and something to be avoided as far as
possible.

Belgian block occupies about the same position as
cobble in so far as its value for use as a pavement is
concerned, and it is rapidly disappearing.

Granite block as a track pavement has until recently
been in little use in Connecticut. Such as there was
consisted of the old type of 8-inch-deep blocks, laid on
sand, mainly with sand joints. Within the past two
or three years the value of the modern type of com-
paratively smooth granite pavement began to be ap-
preciated, and several installations have been made.
The construction is composed of a moderately soft
New Hampshire granite, with blocks about 5 inches
deep, 4 inches wide, and 8 inches to 10 inches long,
laid with 1:1 cement-grouted joints on & 13-inch sand
cushion and a 6-inch concrete base. This construction
has been adopted usually where grades and very heavy
traffic are found, with 7-inch 95-pound T-rail.

In connection with grouted granite-block pavement
a new method of construction is coming into use. The
procedure consists simply in splitting old 8-inch to 12-
inch granite blocks into from two to three parts, each
about 4 inches deep, and laying them with the new
split faces upward, all other parts of the construction
being the same as with new granite. The cost of this
method is, of course, much less than with new block,
and the resulting pavement seems o be pmctlca]ly as
good.

Wood block has been steadily coming into favor in
Connecticut. The relative importance of this kind of
paving is not properly shown in the first table, because
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several extensive installations were in progress at the
date of the report on which the table is based. Asa
paving material it rivals granite, even when wear is con-
sidered, and is more readily cut in around obstructions.
While trouble is had at times from the tendency of the
blocks to buckle under certain conditions, such defects
are usually quite easy to remedy. The result is a
smooth, clean, quiet pavement, which is highly de-
sirable, especially in residential sections. It is adapt-
able to both T and groove rail, and may be quickly
replaced after track repairs, even in the winter time,
with the least loss of material. It has been customary
to lay this pavement on a 6-inch concrete base with 1-
inch sand cushion and sand joints.

The experience with bituminous macadam is not of
sufficient length to enable a more definite opinion to be
formed than that expressed in reference to ordinary
macadam. With regard to “bitulithic,” however, it
has been found that it is quite satisfactory for streets
carrying a moderate trafic. When laid in conjunction
with T-rails it has been deemed advisable to place
wood or granite block at either side of the rail heads.
Several large installations have been made, the ear-
liest two in 1906. Neither of these required any ex-
pensive attention from the contractor at the expiration
of the five-year guarantee period. In fact, after seven
years they appear to be good for an indefinite period.
The most objectionable feature would seem to be the
dependence upon the contractor for such repairs as
may be necessary from time to time.

Granitoid is a pavement with a concrete surface,
usually laid out in block form on top to prevent slip.
Where installed in Connecticut no attempt was made
to interpose any form of joint or shock absorber be-
tween the rail and the pavement. It presents a neat
appearance, but the block formations soon disappear
under traffic. It is thought that perhaps for light
traffic it may answer quite well, especially when first
cost and comparative ease of repair are considered;
but for heavy traffic following the rails, especially T-
rails, it may be unsuitable.

In any track construction in paved streets the pave-
ment is perhaps the most important feature, in relation
both to total cost of the track construction and to the
use of the street by the public. Mr. Cram believes
that much of the objection which has been raised to
the T-rail construction should more properly have been
brought against the type of pavement used in connec-
tion with that rail. This observation is the result of
experience in connection with several agitations over
the T-rail question in Connecticut cities, where it has
been found that agitation ceased after a T-rail installa-
tion had been made in accordance with the Connecticut
Co.’s standard cross sections to replace the old tram-
girder and asphalt-pavement construction. In fact,
the new T-rail construction has been praised highly by
both the press and members of civic associations.

STREET AND ELECTRIC RAILWAYS.

Track in various cities.—With the idea that descrip-
tive details of types of track to be used and installed
during 1913 would be of general service, an article
was published early in that year giving some interest-

“ing data for several cities, which are here quoted.t

The city track of the Waterloo, Cedar Falls &
Northern Railway Co. is built with 12 inches of
1 :3 :5 concrete under the rails and carried up over
the base of the rail. This is done to make sure that
the concrete is in contact with the base of the rail, for
the reason that if it were poured only up to the base,
the space under the rail would not be filled and there
would always be moisture there. Mr. T. E. Rust, chief
engineer for the company, estimates that the ties are
the weakest part of the track and uses them only to
keep the rails in gauge. They are spaced 3 feet center
to center and set in the concrete, which, rather than
the ties, is depended on to support therails. Seventy-
five-pound T-rails and twin bonds are used.

The joint construction is of especial interest. It is
made with angle bars and with a piece of old rail 24
inches long, embedded in the concrete in inverted
position and in intimate contact with the rail base.
This plan was adopted because of the fact that the
concrete under the rail joint gradually wears away,
and if the wearing surface is made of steel instead
of concrete the joint stays in its originally perfect
condition much longer. It is very essential, however,
that the piece of inverted rail shall be in intimate
contact with the rail, and in order to obtain this per-
fect contact, the piece of old rail, before the pouring
of the concrete, is held up against the track rail by
means of two pieces of No. 8 iron wire looped around
both sections and over a $-inch steel rod laid on top
of the running rail and provided with two large set
screws. When the wires are fastened tightly around
the whole joint, these set screws are turned down,
bringing the section of old rail into perfect contact,
and the concrete is then poured in.

The Virginia Railway & Power Co., Richmond, Va.,
is using 9-inch girder grooved rail with electrically
welded joints, together with a crushed stone and
concrete substructure. A 6-inch layer of crushed
rock is laid below the ties and 3 inches above their
base; and 6 inches of 1:3 :6 concrete is poured on
this, bringing the level of the concrete over the base
of the rail. Tie-plates and serew pikes are used. The
ties are dimensioned 6 inches by 8 inches by 8 feet,
and spaced at 2-foot centers. ‘

The Toledo Railways & Light Co. is using 6-inch,
100-pound, open-hearth T-rail on sawed white-osk
ties, untreated, 5 by 8 inches, 7 feet long. The ties
are on a 3-inch bed of stone ballast, 4 to 1% inches,
under which is a 5-inch base of 1 :4 :6 concrete. The
rail joints have four-hole angle bars with 1-inch bolts.
The rails are 60 feet long, laid with staggered joints,

! Electric Traction, May, 1913.
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and with 30 ties per rail. The stone ballast is applied
flush with the top of the ties and rolled with a 10-
ton steam roller. On top of this is placed a 13-inch
layer of concrete to keep the ballast and roadbed free
from water from the street. Neither tie-plates, tie-
rods, nor rail braces are used. On the inside of the rails
a wood filler block is placed next to the web. Next to
this is placed a wood nose block, or one which has
a corner beveled off so as to provide a flangeway for
car and vehicle wheels. The paving blocks are laid
on a $-inch cushion of sand, and the joints are filled
with sand instead of the customary pitch or tar filler.
Track drains are put in the centers of both tracks at
depression breaks in the grade of the street.

The web of the rail along the outside of the track is
filled with rather dry mortar, against which the paving
blocks are laid. The tracks are laid at 9-foot 2%-inch
centers, with the inside rails 4 inch higher than the
outside rails to fit the contour of the street surface.
Cross bonds are installed 200 feet apart. The 3-inch
ballast well tamped under the ties is enough to surface
the track thoroughly and to distribute the weight
quite evenly to the concrete base.

The Twin City Rapid Transit Co., Minneapolis,
Minn., is using 7-inch, 91-pound T-rail laid on creosoted
ties which rest on a bed of gravel 2 inches thick over
a sub-base of crushed rock or gravel. The space be-
tween the ties is filled in with 1:3:5 concrete up
to the base of the rails. On the track laid in unpaved
streets, the company uses 5-inch, 80-pound T-rail sup-
ported on pine ties with gravel ballast under the ties
and dirt filling between them. Bonds No. 0000 of
U shape with the terminals welded to adjacent rails
are used, the welding being done by means of an
acetylene torch. The joints on the unpaved track
are 26-inch four-holes. On paved streets the com-
pany uses a 7-inch, 91-pound rail, and all joints are cast
welded. The paving in and between tracks is cut
granite, laid on Portland-cement concrete. The pav-
ing outside of the tracks is generally of the same kind
as put down by the city. Where practicable, the com-
pany prefers to put a couple of courses of granite blocks
as stretchers along the outside of the rail. There is
some objection to these rows of granite outside of the
rail, except in the case of asphalt paving.

In the standard track construction of the Cleveland
Railway Co., 7-inch, 95-pound T-rail is used, supported
- on steel ties spaced at 4-foot centers, with a 1:2:6 con-

crete substructure. A concrete stringer is laid under
each rail to a depth of 12 inches and with a width of 12
inches. Between the rails the concrete is laid to a
. depth of 14 inches below the ties. The joints are built
with a 1-inch by 4-inch steel plate, 30 inches long,
riveted on each side of the rail with four 1gs-inch
rivets on each side of the joint. These are put in
hot under a pressure of about 100 tons, supplied by a
100-foot air compressor, and are riveted by a riveting
machine. The base of the rail is welded by the
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thermit process. Steel ties are placed under the
joints. In purchasing the rails, Mr. C. H. Clark,
engineer of way, specifies 0.75 to 0.90 per cent of
carbon, 0.10 per cent of titanium, 0.20 to 0.30 per
cent of silicon, and not more than 0.80 per cent of
manganese. Specifications are also drawn up for the
rivets. In order to make certain a joint which will
conform to the rail, the composition of the joint is
specified the same as that of the rail. The drilling of
the rails is required to be such that a driving fit of the
rivets will be secured. This type of joint possesses
the advantages of both the welded and the continuous
joints. After the track is surfaced, the ball of the rail
is brought to a true surface at all joints by the use of
grinders.

-The International Railway Co.,Buffalo,N.Y.,is using
124-pound girder grooved rail, fastened with screw
spikes to 90 per cent heart long-leaf yellow-pine ties,
untreated, andspaced at 2-foot centers. The substruc-
ture is made of 8 inches of 1:3:5 concrete, and a
2-inch layer of 1}-inch crushed stone is laid between
the concrete bed and the bottom of the ties. On top
of this a second bed of concrete 6§ inches thick is laid,
which comes up to the base of the rail. A 4-inch
farm tile is laid in a hemlock trough along the center
of the “devil-strip”’ 8 inches below the lower concrete
sub-base. The tile is covered with crushed stone,
and a 3-inch by 3-inch weep-hole filled with crushed
stone is left in the sub-base every 10 feet. Any water
which may seep around the ties then runs through the
crushed-stone layer under the ties and through the
weep-hole into the draintile.

The Georgia Railway & Power Co., Atlanta, Ga.,
digs a trench 8 feet 2 inches wide and 20 inches deep,
and the soft spongy places are filled with good material
and rolled with a steam roller, if practicable. Broken-
stone ballast 5 inches thick, double tamped, is laid to
come 1} inches above the bottom of the tie. Sap pine,
creosoted ties are used, and 9-inch, 89-pound semi-
grooved rail in 62-foot 1en0'ths is laid with the joints
staggered. After the trackissurfaced on the 5 inches of
broken stone, cement grout in the proportion of 1 part
cement to 14 parts sand is poured into the ballast.

Another type of construction used in Atlanta calls
for the same rails, bonds, and joints as above, but the
rails are laid with the joints opposite. The roadbed is
graded 7 feet 8 inches wide by 9 inches deep, and
rolled with a steam roller. Longitudinal trenches are
then dug under the location of each rail, 10 inches
beneath the base of the rail,- 10 inches wide at the bot-
tom, and 22 inches wide at the top. Cross trenches
for the ties are dug 5 feet-apart, the bottoms coming
at the same depth as those of the longitudinal trenches
except at the joint ties, where they are 2 inches
lower. The joints of the track are square. After the
trenchingis done, the ties are placed in the tie trenches,
the rails laid and spiked, and the track lined and sur-
faced on blocks, thin oak wedges being used to bring
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it to the exact line and surface. Concrete is then
poured in the track to bring it up to the proper eleva-
tion for the street pavement.

After investigating the results obtained by different
street rajlway companies throughout the country, the
Texarkans (Ark.) Gas & Electric Co. decided, in
1910~11, to use a concrete paving surface along its
double-track line on Broad Street, the principal
thoroughfare in Texarkana. Two years’ service since
" theinstallation of this type of paving gives someidea of
what wear may be expected. The paving shows no
évidence of failure, and the depth of wear is negligible.
To obtain these satisfactory results, Mr. W. L. Wood,
jr., general manager, had a rigid set of specifications
drafted for the work. During the progress of the con-
struction, both as to track foundation and as to pav-
ing, it was closely inspected and every precaution taken
to produce permanency. The track cross-section con-
taing 6 inches of 23-inch crushed limestone laid in a
trench 19 inches deep. This was rolled with a heavy
road roller, and then the track was laid. It comprises
creosoted yellow-pine ties of standard size laid at
2-foot centers and 70-pound A. 8. C. E. rail spiked in
place, the whole resurfaced to the finished elevation.
To detect the weak spots, it was customary each night,
after a section of new track had been laid and opened
to traffic, to couple a general utility motor car to a
100,000-pound gondola car loaded with stone ballast
and to run. them back and forth over the new track
until all possible weak points had been found. The
following day the spots in the foundation under these
points were pick-tamped to surface and again sub-
mitted to the ballast-car test load before the concrete
was placed.

After the skeleton track had been brought to a per-
manent surface and tested, an additional quantity of
crushed stone was cast between the ends of the ties
in double track to the height of the tops of the ties, to
reduce the quantity of concrete in the finished pave-
ment. Then the paving foundation was laid. This
consisted of 1:3 :5 concrete brought up to the tops
of the ties. The paving surface was laid with con-
crete in the proportion of 1:2:4, where the aggre-
gate consisted of 1-inch crushed stone. No wearing-
surface mixture was provided, but the paving material
was placed comparatively dry or of a consistency
which would bring the moisture to the surface if it
were tamped. After the paving surface had been ac-
curately formed with a templet which gave a $-inch
crown between the rails and a 1}-inch flangeway, the
surface was floated to complete the job.

Expansion and contraction were provided for by
3-inch joints spaced at 6-foot intervals. Ordinary
weather boarding of a wedge section was used as the
insert at the expansion joints, and after the initial set
it was replaced with an asphaltum filler. To prevent
breaking down the edges of the concrete paving,
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particularly by the cross traffic at street intersec-
tiong, flat bar iron of 4-inch by 4-inch section
was laid edgewise to form a curb. TUnder all track
special work and at each joint the crushed-stone
ballast foundation was poured solid with cement
grout just before placing the paving foundation. A
period of 10 days was allowed for the concrete to set
before traffic was resumed. Natural drainage was
furnished by a good sandy subsoil.

Electric arc welding of track.—On the United Rail-
roads of San Francisco eight or nine electric-welding
outfits of the portable type have been in use since the
beginning of 1912, and have proved thoroughly satis-
factory in every respect. Through their use the road
has been able to reclaim and rehabilitate many thou-
sands of dollars’ worth of material in the repair shops,
and also a very large amount of rail and special work
in the streets. In the latter case, corrugations and
cup-outs have been built up easily and satisfactorily,
as well as plates in hardened-center special work
where the points have become broken or worn.

For repairs to track and special work, the apparatus
is especially economical. The road reports that, Tor a
very nominal sum, material to the value of several
thousands of dollars is reclaimed annually and its
life prolonged for several years. It is impossible to
estimate the exact saving on track work through the
use of electric arc welding, for the reason that, while
the value of a new piece of special work may be $1,500
or $2,000, the actual cost of replacing the worn-out
piece will amount to considerably more when the cost
of labor for installation and the amount involved in
tearing out and replacing the pavement are considered.

" As an example, it is stated that at one of San Fran-

cisco’s busiest corners complaint arose on account of
the noise caused by cars running over a worn double-
track section. This section cost about $1,400, and
the cost of replacing it with new material would have
amounted to $1,000, but through the use of the process
the road was able to rehabilitate the crossing, thereby
prolonging its life for possibly several years at a cost
of between $75 and $100.

The feature of portability affords the greatest op-
portunity for saving. In many cases where welding
is done at a forge or furnace by a blacksmith, by far
the greatest part of the cost of the complete operation
is that which is involved in dismantling the damaged
piece, transporting it to and from the forge, and re- .
assembling it after the repairs are finished. The abil-
ity to bring the welding flame to the work and to
apply it from almost any direction or angle eliminates
practically all of this expense, and through the locali-
zation of the welding heat it has now become possible
to make ““spot welds,” to weld in narrow strips along
crooked lines, or to operate upon material of a degree
of thinness which would prohibit its being handled in
a forge or on an anvil.
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This accounts largely for the great variety of work
done with the electric arc, an example of which is given
in the list of material repaired by the electric arc on the
United Railroads of San Francisco. They regularly
make repairs to gear cases, motor cases, axles, truck
frames, axle bearings, and brake-shoe heads, where the
dowel pins have become oblong, armature shafts where
the keyways and the tapered pinion seats have become
worn, axle caps, brake levers, bolster castings, brake

.hangers controller backs, step castings, and in fact

all car material or parts which need repair. In the
track department the road has used the electric arc
for repairing switch. tongues, frogs, and mates and for
filling up cup-outs, corrugations, and low joints in
both straight rail and special work.

On the Pacific Electric Railway Co., a machine sim-~
ilar to those used in San Francisco is reported to be
kept busy and to have done exceedingly satisfactory
work in building up cupped rails. It is stated to have
prolonged the lives of crossings and special work from
eight months to a year. It is used to a considerable

_extent for cutting rails and boring holes in manganese
steel. The operating cost to make a weld in a rail is
reported to be approximately $3, Mexican labor being
used, as it has been found that the apparatus does not
require any special skill after the operators have been
advised how to handle it.

STREET-CAR ILLUMINATION.

A very marked improvement was seen in the illu-
mination of street cars during the period 1907-1912.
By reason of the universal use of electricity in car
propulsion, the lighting has also become electrical in
like degree, but it has had to pass through consider-
able change and evolution from carbon-filament, tan-~
talum-filament, and graphitized-carbon lamps up to
the modern tungsten.! It is stated that about the

middle of 1913, bare or unfrosted tungsten metallic-

filament lamps were already in use, with a few tan-
talum, on approximately 28 per cent of the cars in
service, bare graphitized-filament lamps on 10 per
cent, and bare carbon lamps on 60 per cent. At that
time, about half a dozen installations had been made
with large tungsten units and shades. Although the
incandescent filament lamp has been used for the
lighting of street railway cars practically ever since
the electric motor cars superseded the horse or cable
cars, it has not been until within the last six years
that any attempts have been made to utilize the gen-
erated light to best advantage by means of scientifi-
cally manufactured shades or reflectors; and it was
not until 1912 that the tungsten-filament lamp of an
efficiency of 1.4 watts per horizontal candle or better
was perfected to the extent of making it sufficiently
rugged for street railway service. There are several
reasons for this slow development. Lighting energy,

! 8. G. Hibben, Illuminating Engineering Society, Sept., 1918.
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being but a small fraction of the total energy used by
motors, and being relatively cheap to generate, has
not been considered as a field for economy. The
shortness of the periods during which individual pas-
sengers use the lighting has not been conducive to
progress. Furthermore, the rough wusage to which
lamps and shades are necessarily subjected, the low
first cost of the carbon-filament lamps, and the un-
certain relations between private street railway cor-
porations and municipalities, all are reasons for delay
in better car lighting.

One of the first street cars using individual reflec-
tors on lamps was put in service in 1900 by the Oak-
wood Traction Co., operating in Dayton, Ohio, al-
though previously there may have been a few desultory
attempts to equip lamp clusters with reflecting glass- -
ware. This car was equipped with center-deck, four-
light fixtures, and side~wall, single-light brackets, using
square-shaped alba glass shades. Cars with this equip-
ment are still in service.

Around 1911-12 a number of traction companies
installed bare 23- and 36-watt tungsten-filament lamps
in place of the carbon lamps. When the majority of
these new lamps had shown a life of 1,000 to 1,300
hours, progress was rapid toward the standardization
of the present series lamps, and the shade, holder, and
switch devices as accessories.

The lighting of street cars was previously accom-
plished by using bare carbon, and in a few carg
graphitized-filament, lamps. It required from a dozen
to thirty of the so-called 16-candlepower, 64-watt, car-
bon lamps in the car body, and 8 to 10 similar lamps
distributed on platforms and in the headlight and
designating signs. Between bulkheads the lamps
were placed about 18 inches apart in line along the
center deck, or studded over the whole ceiling, or else
grouped in clusters of four, five, or as many as eight
lamps. arranged radially from single fixtures on the
center-deck ceiling.  Such carbon lamps usually
burned five in series on the nominal 550-volt power
circuit, each being rated at 110 volts.

The high current consumption of ‘the carbon
lamps, togethel with their poor illuminating per-
formance, led to the substitution of, first, the metal—
lized-filament lamps, and second, the bare 23-watt
tungsten lamps in the same sockets. The former
lamps proved unsatisfactory on account of filament
breakage from jarring, and by reason of other objec-
tions, while the small unshielded tungsten lamps were
but a temporary makeshift, on account of excessive
glare and because no attempt was made to utilize the
maximum amount of generated light or to direct it
downward.

The most modern car-lighting equipment consists
of one circuit of five tungsten lamps of the 94-watt,
78-candlepower size, arranged in line along the car
ceiling, or else an arrangement of two circuits of five
each of the 56-watt, 46.7-candlepower tungsten
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lamps. Quite often, in the cars where the 94-watt
lamps are used, these are placed four in the car body
between bulkheads and one over the entrance ves-
tibule, especially if the car is of the pay-as-you-enter
type. In other types of cars, such as the interurbans,
there may be three units in the passenger compart-
ment, one in the baggage or smoking room, and onein
the vestibule. An additional circuit of five 23-watt
tungsten lamps is used for the large types of city
cars, particularly if these cars have the one circuit of
94-watt lamps. The small lamps are arranged over
the steps, in the headlight, and in the illuminated
designation signs.

Sometimes, but not often, the fourth size of modern
lamp, a 86-watt, 26.8-candlepower tungsten-filament,
is used in the car body, but the cases where the 23-
watt or the 86-watt lamps are being employed be-
tween bulkheads are largely those where no new
 wiring or accessories are being installed and where
these small lamps are replacing the carbon lamps in
the old sockets or'receptacles.

The four tungsten-lamp sizes mentioned above are
those thus far standardized for street railway service.
Their characteristics are given in the following table:

CHARACTERISTICS OF TUNGSTEN-TFILAMENT STREET RAILWAY

Lames.
Horizontal | Watts per A Bulb o 1
Watts.| candle- | candle- | Lumens. verage ky ver-ail,
power. power. hours life. | diameter, | length.
23 17.1 1 168 2,000 2% 5§
36 26.8 1.34 263 2,000 2 5
56 46.7 1.20 457 2,000 2 b3
94 78.3 1.20 767 2,000 3 7

Any of these lamps are procurable for a power-line
voltage of 525 to 650, or with individual ratings of
105 to 130 volts. They are sturdy in construction,
and are selected for the current which insures a uni-
formity of candlepower and life.

All lamps in the most modern street cars are being
equipped with ‘‘downward reflecting’” shades. Sev-
eral forms of holders are available. These holders
clamp the neck of the glass shade all around, with a
firm grip that can not jar loose, and in such a way
that there is no probability of breakage if a well-made
shade is used. )

Two main factors are the criteria of the satisfactory
qualities of the lighting system—the cost and the
illuminating performance. The latter consideration
involves the measurable amount of foot-candle value,
the quality of the light that is furnishing this foot-
candle value, and its physiological effects. Anyone
who has seen a car illuminated by the shaded lamps,
and particularly if this car has both shade and bare
lamps that can be alternately burned, will not ques-
tion the fact that there is a remarkable difference in
the qualities of the light from the two arrangements.
The glare from the bare-light sources is particularly
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disagreeable in street cars, and all-frosted bulbs can
not do much to correct the fault. The car ceilings
are low, and there is a vista along which the eye gazes.
There are usually advertising cards to attract the
attention toward the upper parts of the car, and
there are unavoidable changes of intensity from car
jarring and from voltage fluctuations that soon tire
the muscles of the eye. Hence street railway lamps
are being equipped with shades that protect the eyes
of the passengers.

Every street railway must operate its lighting cir-
cuits and its power circuits as one. Hence at the
very time when the lights are most needed the load
on the system is the greatest, and the fluctuations of
voltage are increased correspondingly. This trouble
from voltage fluctuations was very apparent with the
use of carbon-filament lamps, but it has become much
less troublesome with tungsten lamps, since their
candlepower does not change so rapidly at the different
pressures.

Atthe meeting of the Chicagosection of the Illuminat-
ing Engineering Society, November 12, 1913, Messrs. .
L. C. Porter and V. L. Staley presented a paper on ‘‘The
Iluminating of Street Railway Cars.” For car light-
ing, compared with carbon lamps, it was demonstrated
that tungsten units produce better illumination at a
saving in lighting expense. Where tungsten lamps are
used it is desirable to install efficient reflecting devices,
and in all cases a light interior car finishing is to be
desired. The tungsten lamp for car lighting has
reached a life of 2,000 hours in laboratory tests, and
from 1,200 to 1,500 hours under service conditions.
The strength of the lamp is such that it withstands
surprisingly, bad operating conditions. It has prac-
tically superseded the tantalum lamp for car illumina-~
tion.

The results of a study of car lighting made by Mr.
G. H. Stickney, with the cooperation of Mr. E. W.
Holst, of the Bay State Street Railway Co., were
given. Two methods of placing the lighting units
were tried, one being the use of a single row of fixtures
down the center line of the car and known as center-
deck lighting, while the other provides a double row of
lighting units, one under each half-deck. There is
little to choose between these two methods in efficiency,
but the center-deck system is somewhat simpler and
easier to install and maintain. With the center-deck
system two circuits of 56-watt lamps, or one of 94-watt
lamps, are used, and with the half-deck lighting 23-watt
or 36-watt lamps are usually employed. It has been
found that from 2.5 to 8 foot-candles are desirable
on the reading plane of the passengers. This plane is
considered to have an angle of 45° 3 feet above the
floor. 'With either the center or half-deck lighting
where efficient intensive-type reflectors are used, ap-
proximately 82 lumens per running foot of car body
will supply this illumination. This corresponds to
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about 10 watts per running foot, or 1.25 watts per
square foot of floor area.

Tests have shown that with the ordinary dark-
yellow finish of street cars the efficiency of light utiliza~
tion is approximately 15 per cent where no reflectors
are used and 30 per cent with a good direct-reflector
system. On one car where the finish of walls and ceil-
ing was white, a utilization efficiency as high as 60 per
cent was obtained. One pronounced advantage of the
- tungsten lamp over the carbon unit for car lighting is
that the candlepower changes less on fluctuating
voltages. The four tungsten lamps especially devel-
oped for railway service are rated at 23, 35, 56, and 94
watts, respectively. The efficiency of the two smaller
sizes is 1.34 watts per candle, and of the two larger
sizes 1.20 watts per candle. The ultimate saving jus-
tifies the rewiring of old cars to enable tungsten lamps
and reflectors to be used.

One of the incidental features of street-car lighting
is the outside illumination of platforms and signs, more
particularly the latter. The largest single item in the
cost of maintaining illuminated car-destination signs
of the roller type is found in keeping the letters in
legible condition. The custom is to retouch the letters
by hand, but when necessary to renew a section of
canvas and replace the names of the destinations by
hand, painting is quite expensive. To reduce this
cost of renewal to a minimum, Mr. G. W. Swint, master
mechanic of the Nashville Railway & Light Co., Nash-
ville, Tenn., has devised a scheme whereby a 36-name
sign may be replaced with a new one at a cost of $1.50
for material and labor. Instead of doing the work by
hand, the signs are printed on the canvas by wooden
blocks of the hollow-letter type. The blocks were
made in the company’s shops, and as many prepared
as there were destinations. The cost of carving the
letters in the white-pine blocks was comparatively low,
and their useful life is, of course, unlimited. The com-
plete printing outfit comprises, inaddition to the hollow-
letter blocks, a section of plate glass by means of which
a composition of printer’s ink is evenly applied to an
ordinary rubber roller, a padded table with clamps to
hold the canvas firmly in position, and an old armature
core which is used- to press the wooden-block type
against the cloth. The ink is applied to the block by
passing the rubber roller across it, the block is then laid
upon the white canvas, and the armature core is rolled
once or twice across it.

Tha quality of printing ink applied to the hollow-
lettered panels and the weight of the old armature
core cause the ink to penetrate the canvas, giving a
longer life than when applied by hand. The names
making up a complete set of destinations are printed
in series of five to a canvas paunel. These panels are
sewed together in long strips for the car signs. In
case ouly a portion of this lettered canvas becomes
badly soiled, it may be ripped from the rest of the
roll and a new panel supplied. The work of printing
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these signs is so simple that an expert is not required,
or even a man specially detailed to do the work.
Two men familiar with the operation make eight five-
name panels in an hour. )

The Peoria (Ill.) Railway Co. has adopted route
signs of a novel design on the city cars. To advise the
public regarding a new system of car indications, a card
map showing the various route lines of street railway
drawn to an‘exaggerated scale, together with the sign
indication applying to each, was pasted in each car.
A facsimile copy of this card also was published in
the daily papers for several weeks.

The sign is a triangular prism built of light struc-
tural angles and 18-gauge sheet metal, the base being
shaped to fit the contour of the car roof. Two signs
are mounted at right-hand diagonal corners of each
car, and the right-angle faces of the signs are set
parallel to the front and sides of the car. These two
faces are 17 inches by 18 inches in size, and take a
12-inch initial letter and 3-inch letters in the printed
destination. All letters are perforated with -inch
holes which permit reflected light from a single 16-
candlepower lamp installed inside the sign to illuminate
them at night. The interior of the sign is painted
white to intensify the indirect letter illumnation,
making it possible to read the names easily at 500 feet
during either day or night. The lamps in the two
signs are in series with the lamps in the car and are
controlled by the same switches. ‘

The lettered panels are interchangeable, as guides
in the sign frame permit them to be removed and
replaced by any other destination sign in case it
it becomes necessary to change a car’s routing. A
complete equipment of sign panels is kept at each
car house, and each crew is required to see that the
correct indications are in place before the car is
taken for a regular run.

These signs are useful not only to residents but to
strangers, as they enable- the destination of the car
t0 be ascertained more easily. ‘

SIGNALING AND DISPATCHING.

An increased amount of attention has been paid
to the subjects of signaling and dispatehing on electric
railways, including the use of automatic stops, or
such devices as the dictaphone; while even the ‘‘ tele-
graphone,” with its fine running wire to receive mag-
netically the record of vocal orders, has been under
serious consideration in large electric railway systems
in cities for “load dispatching’ purposes, where it
is desirable to know just what instructions have been -
given from oue power plant to another. The main
thing, of course, is the control of train movement or
the automatic stopping of trains otherwise out of
control. :

The year 1912 saw a noteworthy development in
block signaling, the main features of which may be
briefly noted. The problem ceased to be one of the
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practicability of such a method, and became instead
that of the selection and standardization of apparatus.
Thus, for example, while the standardization of
apparatus unquestionably reduces costs, the necessity
for uniform signal “aspects” is actuaﬂy of greater
importance, especially as uniformity in this respect
can be accomplished with greater ease when the
installation of automatic signals on electric railways
is only just beginning than at some later time when
large and important roads are fully equlpped with
widely different types. This necessity is shown in
cases where, through operatmg agreements, several
interurban roads are using the same tracks. Each
road may be using a special signal “aspect” on its
own track so that motormen are hampered by the
fact that they have to think in totally different terms
at different portions of the route. In consequence of
this demand for standardization, the upper left-hand
quadrant, three-position arrangement for semaphores
has already been approved by the electric railway
agsociations.

The year 1912 was characterized by a remarkable
growth of opinion in favor of light signals in which the
semaphore arm, practically standard upon steam rail-
roads, was replaced by colored lenses so illuminated
as to be visible even.in the brightest sunlight. A
number of such installations were made during the
year, and although the semaphore arm still appears
to be considered as the most reliable indication from
the standpoint of arrestive effect, the decreased first
cost of the light signal, estimated to be in some cases
as much as 30 per cent lower than the semaphore,
together with the decreased maintenance due to the
absence of moving parts, is a good indication that it
will be subject to a still wider adoption during the
next few years.

Of the different methods of control for signals, the
continuous track circuit has maintained its leading
position among installations on high-speed lines.
This may be due partly to conservatism in following &
method so universally used by the steam railroads,
although one of the advantages claimed for it, namely,
that it indicates broken rails, can hardly be said to
apply with much force to electric railways. It has,
however, a similar advantage in that it mdloates
defective bonding by the failure of the signals to clear.
The thoroughly demonstrated reliability of the track
circuit through many years of experience mnaturally
can not be denied, and it was undoubtedly this feature
which influenced the joint committee on block signals
" of the engineering and transportation and traffic asso-
ciations at the Chicago convention in 1912 in recom-
mending for high-speed interurban service the use of
continuous track-circuit control. The fact that this
recommendation was not accepted by the associationin
convention was indicative of the desire of the delegates
to be left free either to accept new devices or else to
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await the development of systems not sufficiently
tried ous.

Much attention has been paid to dlspatchers sys-
tems, although the number of such installations is
hardly comparable with that of the older track-circuit
types. Onthe Piedmont Traction Co.’s lines a selector
system controlling semaphore blades has been installed
to enable the dispatcher to stop trains for orders which
are transmitted by a telephone box attached to each
signal mast. The Indianapolis & Cincinnati Traction
Co. installed, as the other extreme, an exceedingly
complete type in which connection between the dis-
patcher and the train is made at short sections of
third-rail through a shoe on the car. By means of
this connection the dispatcher can illuminate either a
red or a green lamp in the cab of the train in accordance
with his desire to stop the train or let it proceed,
although an ingenious interlocking system prevents
him from letting two trains proceed against each other.

Various forms of the trolley-contact system have
been installed on a number of railways. Their greatly
reduced cost offers a strong incentive to installation.
In addition, the possibility of introducing a car-
counting device by giving the contactor a directional
sense makes this system of unusual advantage where
permissive signals, allowing cars to follow one another
into the same block, are desired. Permissive block-
ing, however, except for very low speeds, seems to
have been regarded with decreasing favor.

As to automatic stops, on the Illinois Traction Sys-
tem a device has been developed by which the air
brakes are applied in case a car runs past a home
signal set at stop. Such a device is of undoubted
value. On the New York, Westchester & Boston Rail-
way the future necessity for automatic stops was con-
sidered to be such a certainty that the signal system
was laid out in a manner which will permit them to
be installed at any time, the overlaps to be effected by
the interpolation of addltlonal signals where necessary
along the line.

Important legislative action in regard to block
signaling developed through an enactment of the
general assembly of Indiana. This law became
effective on.January 1, 1912, and placed with the state
railroad commission power to compel the introduction
of approved block signals on the railways of Indiana
which had sufficient traffic or were surrounded by such
conditions as to make block signals necessary. The
results of this action seem to have been satisfactory.
A very marked increase in mileage of interurban lines
protected by signals resulted during the year. Itis
estimated that 18 per cent of the total electric railway
mileage was being equipped, and that all lines coming
within the scope of the enactment would be equipped
within three years.

Of the large single-track installations made during
the year, that of the Washington, Baltimore &
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Annapolis Railroad is probably the most interesting.
On this road the customary preliminary sections are
omitted and each block is made self-contained, extend-
ing the full distance between sidings. Light signals
set about 1,000 feet inside of the home semaphores
take the place of the preliminaries, and all home
signals are approached under control. The home
signals at each end of the block are controlled by the
whole block, but the light signals are controlled only by
two-thirds of the block length at the opposite end. As
each block is a unit, the movements of a car in one
block do not affect those in the next one, and cars need
be spaced no more than one block apart. In case two
opposing trains pass home-semaphore signals at the
same time, they will be stopped by the light signals,
which will not clear until one train has backed out of
the block. ‘

The attention given to this subject is further empha-
sized in the report at the annual meeting of the Ameri-
can Electric Railway Association at Atlantic City,
N.J., October, 1913. The report stated that during
the year the majority of the new installations of block
signals on high-speed interurban lines were controlled
through continuous track circuits. In view of this
fact the committee repeated its recommendation of the
previous year, that for high-speed interurban service
automatic signals be controlled by the use of continu-
ous track circuits, and that expenditures be concen-
trated on continuous track circuit comtrol with a
cheaper form of indication in preference to a more
expensive form of signal and a less reliable control.

For signaling single-track suburban railways with
" headways between 5 minutes and 30 minutes and speed
not exceeding 20 miles per hour, several schemes for
trolley-contact signals were submitted, together with
drawings of diagrammatic arrangements, according to
different arrangements of passing sidings. It has been
generally conceded that trolley-contact signaling is
well adapted for this type of line. Track-circuit con-
trol for this general scheme of signaling has been
installed, however, and may be used, possibly with
certain limitations. For signaling double-track subur-
ban railways with headways between 1 minute and
10 minutes and speeds not exceeding 30 miles per hour,
several schemes for trolley-contact and track-circuit
signaling were submitted, including both three-position
and two-position signals. All these provide, either
by overlaps or by distant signals, means for protecting
the rear of & train which may be stopped & short dis-
tance beyond any home signal, so that it will not be
hit by a following train which overruns the signal in
making a stop.

For signaling single-track interurban railways with -

hourly headway and with speeds from 40 miles per hour
to 60 miles per hour, two schemes were submitted. In
one of these no track-circuit preliminaries -are used,
intermediate signals replacing the preliminaries. In
the other the track-circuit preliminary is used with a
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light indicator, if desired, at the beginning of the pre-
liminary, so as to indicate, to a car approaching the
siding from the side on which the preliminary is located,
the position of the home signal at the siding before it is
reached. In both schemes absolute blocking from
siding to siding is employed, either semaphores or light
signals, or a combination of them, being used.

For signaling single-track interurban railways with
15-minute headways, trains in several sections and
speeds from 40 miles per hour to 60 miles per hour,
three schemes were submitted. One provides interme-
diate signals in place of preliminaries, and uses two-
position signals, giving absolute blocking for following
cars at one-half the distance between sidings. The
second provides signals to be of the three-position
type, following cars being blocked practically one-half
the distance between sidings for following movements
and from siding to siding for opposing movements.
With this arrangement, both the stop and caution
indications are given. With the third arrangement,
cars are allowed to follow one another into an occupied
block under a permissive indication, the blocking of
opposing cars being absolute. Signals in one direction
are normally clear, in the other normally danger. A
light indicator is used at the beginning of the prelimi-~
nary section, and a secondary light is used on the signal
to provide the permissive feature. Light signals may
be used if desired.

For signaling high-speed double-track interurban
railways with 5-minute headway, only one scheme wag
suggested. 'With this arrangement, semaphore signals -
operating in three positions are used, the distance be-
tween signals being governed by the headway and
speed. The operation is the same in either direction.
Light signals may be used if desired. Stop and cau-
tion signals are displayed behind each car, and cars are
able to follow each other as close as the distance be-
tween two adjoining signals, the second car in this case
running under the caution indication continuously.-
Continuous track circuits are used with this scheme.

The committee recommended for adoption as stand-
ard the following aspects for trolley contact signals:

For a noncar-counting signal for single track, a single
red light indicates “Stop: Do not pass contactor.” A
single green light indicates “Proceed by contactor to -
operate signal.” If green aspect changes to red over
yellowon passingcontactor, it indicates “ Proceed.” If
red and yellow are displayed on approaching signal, do
not pass contactor until this aspect changes to green.

For a car-counting signal for single track, a single red
light indicates ‘‘Stop: Do not pass contactor.”” A
single green light indicates ““Proceed by contactor to
operate signal.” If green aspect changes to red with a
yellow light diagonally below on passing contactor, it
indicates “Proceed.” But if yellow light changes to
opposite side of red, “Proceed under control into
block, as block is occupied by car running in same
direction as car about to pass under contactor.”
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It is to be understood. that red with staggered yellow
on either side indicates ‘“Block occupied with same
direction of traffic,’” and that this permits proceeding
past contact device only in case staggered yellow
changes from one side to the other, which indicates
the recording of the car. Changing from one yellow to
the other permits proceeding under control.

For light aspects for car-spacing signals operated
by trolley contactors or other forms of end-set device
used for double track, a single red light with a white
telltale light indicates “Stop.” A single green light
with no telltale light indicates “Proceed.” A single
yellow light with no telltale light indicates ““Proceed;
next signal at stop.”” For two-position signaling the
latter indication is omitted. The aspect called the
telltale indicates that the contactor has operated the
signals, and in practice it should be located on the next
pole beyond the signal.

The report of this committee included an interesting
appendix in regard to automatic stops for electric
railways, a subject which, owing to accidents of a
serious character on steam lines, has received consid-
erable attention. Any historical data concerning the
automatic train stop and its development should refer
to the system which has been in successful operation
on the lines of the Boston Elevated Railway for more
than 12 years. This was a modification of an
overhead-contact type of automatic stop, providing
for the operation by the signal of a rocker shaft lying
transversely to the track and equipped with a tripper
arm which moved into and out of the path of an arm
suspended from the forward end of the car. To this
arm on the car was attached a valve which vented the
train pipe when operated by the track tripper arm in
the event of a train overrunning the signal in the stop
position.

In 1903 this system in modified form was introduced
on the lines of the Interborough Rapid Transit Co. of
New York City, and later on the Philadelphia Rapid
Transit System. The modification was of minor
importance, however, consisting merely in the opera-
tion of the rocker shaft by a pneumatic cylinder sepa-
rate from the one which operated the signal. The
valves of the two cylinders were jointly controlled by
the track-circuit relays of the block system.

A few years ago the same system was introduced
on the lines of the Hudson & Manhattan Railroad,
which were then all in tunnels, and on those of the
tunnel and terminal division of the Pennsylvania Rail-
road across New York City and under the North and
Bast Rivers. In its application to the Pennsylvania
tunnels, it was found necessary to meet a condition
not previously encountered. Trains ran beyond the
tunnels into open country and through towns and
across highways where high speeds were permissible.
Under these conditions the brakes might be set by
contact of the lever of the automatic train-stop valve
with looge objects or with snow and ice, and a modified
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form of tripper arm was developed to overcome this
difficulty. The valve is of the plunger type and is
mounted between two guards, one in front and one in
the rear of the plunger, so that it is protected against
operation by any force not acting vertically upward
against it.

The use of automatic signals on regular trolley city
lines may be noted. The Easton Transit Co. has an
important block of single track in Easton, Pa., on
Walnut Street, from Northampton to Washington,
between Sixth and Ninth Streets. The length of the
block is 2,250 feet; running time, about 24minutes.
The greater part is on a grade a little less than 5 per
cent downward toward Northampton Street. About
one-third of the distance from Northampton Street
there is a branch leading off the single track to Ferry
Street, used only by one interurban line. The block
is traversed by four lines of cars, each, however, only
in one direction: The South Bethlehem Interurban,
hourly, eastward only; the Bethlehem Interurban,
hourly, westward only (from Northampton Street to
Ferry Street); two local lines, namely, Walnut Street
and College Hill, 10 minutes’ headway, westward only;
South Side belt line, 10 minutes’ headway, eastward
only; thus making 14 cars per hour passing through
the block, and amounting to some 280 regular cars per
day. During the season 24 cars on the Island Park
line return through this block between the hours of
10 and 12 p. m. ,

Signals have been installed to facilitate movements
on this block, superseding the hand signals hitherto
used. The signals are controlled through trolley con-
tactors placed two spans in advance of the signal
aspect at each end of the block. An additional con-
tactor is placed on the curve from Walnut to Ferry
Street connected to clear the signals only, and wired
to signal 2. The operation is as follows: The signals
are normally neutral, and show no lights or disks. A

“Walnut Street local, for instance, going up the hill,

running under contactor @, sets signal 1 at stop, a
red light and red disk, thereby preventing an opposing
movement down Walnut Street, and signal 2 responds
by showing a permissive signal, a white light and white
disk. When the car leaves the block under contactor
d (Washington Street), both signals are restored to the
normal neutral. Should, however, a Bethlehem Inter-
urban follow the local, then the signals would not
change until the local had passed under contactor
@ and the Interurban had passed under contactor e,
thus leaving the block clear. In fact, a number of
cars might follow into the block in succession, and
the signals would not change until the last had left.
Similarly, an Interurban returning from Bethlehem,
running under contactor ¢, will set signal 2 at stop and
signal 1 at permissive, and will clear both signals in
leaving the block under contactor 5. Thus the signals
give absolute protection against any opposing move-
ment but permit following movements to be made,
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warning the motorman, however, that the block is
occupied. Any possible shifting movements around
the terminals of the block are taken care of by the
signals automatically. The signals are kept in the
neutral or clear position by power from the trolley
line, and the car entering the block opens this nor-
mally closed circuit through a revolving or step-by-
step switch in the relay, permitting the distant signal
to go to the stop position. The movement of the red
disk to the indicating position closes areturn or answer-
back circuit over another line to give the permissive
signal to a following car. Thus the stop signal must
first be given before the permissive can be displayed,
and therein lies its fundamental safety. Failure of
power in the trolley line will set all signals at stop.

No batteries are required, nor is the track modified
in any way, the signals being lighted and operated by
taps from the trolley. The trolley contactors are flex-
ible strips which are wiped by the trolley wheel, which
thus makes the contact. The signal box is supported
on a convenient iron bracket, the upper part containing
the lights and disks, and the lower the oil-immersed
relay, or intermediate apparatus for changing the
transient current impulses that the car makes in run-
ning under the contactor into signal indications.

The Southwest Missouri Railroad operates 75 miles
of track, about one-third of which is double track.
Cars are run at from 3 to 30 minutes’ headway, but
the lines upon which service more frequent than 30
minutes is given are double-tracked. For the past 20
years the dispatching of cars on this road has been by
telephone, none of the orders being reduced to writing.
More recently, however, a new feature was added to
the telephonic system by the installation of a dicta-
phone in the dispatcher’s room, with the effect that
since then every order given to trainmen by telephone
has been duly recorded on the dictaphone and can be
reproduced in case of any dispute or misunderstand-
ing. These records are preserved for a period of three
days, when they are scraped and the blanks are put
back into service. The system is described as highly
sa.msfactory So far as known, the dictaphone in the
company’s office in Webb City, Mo., is the first one
used in train-dispatching work.

Telephone dispatching.—The use of the telephone in
train or car dispatching has become so general a thing
as to excite no comment. Some of the installations are
quite extensive. A typical case is the equipment of the
Oregon Electric Railway in 1913. This railway is an
integral part of the great system of railways which
reaches from the North Pacific coast to the Great Lakes
and the Missouri and Mississippi Valleys, comprising
the North Bank Road, the Oregon Trunk, Great North-
ern, and Northern Pacific Railways, and the Burlington
Route. The Oregon Electric line operates from Port-
land to Eugene, Oreg., and from Portland to Forest
Grove, Oreg. The former division traverses the heart

of the famous Willamette Valley, which is one of the
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richest and most productive agncultural portions of
Oregon. :

The telephone train-dispatching system covers these
two divisions. The former is approximately 40 miles
while the other is approximately 125 miles in length.
There are two train dispatchers, both located at the
Hoyt Street Station, Portland.

The apparatus includes two complete dispatcher’s
equipments comprising key cabinets and 45 calling
keys in all besides the telephone sets; and trains are
equipped with portable telephone sets for use in com-
municating with headquarters from points between
way stations. Each portable set is furnished with line
poles and plugs. The latter are used in connection
with 50 type jacks installed at the various sidings
along the right of way.

AIR-BRAKE EQUIPMENT.

The extent to which this class of apparatus has in-
creased is shown by the tables in the report, which
emphasize the tendency exhibited in the data for 1907.
The conditions governing are brought out in an inter-
esting manner in the action of the New York supreme
court, appellate division, of July 10, 1913, sustaining
the public-service commission of the first district in
ordering all passenger cars within New York City that
weighed more than 25,100 pounds to be equipped with
air brakes. This would appear to be conclusive in
many ways, but the review * of the evidence and tests
by Mr. J. N. Dodd, engineer of the commission, is not
accepted by the engineer in charge of the tests for one
of the companies most directly affected, who says:
“He has carefully eliminated every particle of data
that bore in favor of the hand brakes, such as the wet-
rail or bad-rail tests, and the reversal stops, and has
regarded as available only that which tended to prove
his previously determined position. He has also abso-
lutely ignored a great mass of other tests, several
hundred in number, the results of every one of which
were adverse to his position.”

In the course of his discussion of the subject, Mr.
Dodd remarks that at first glance it seemed reasonable
to suppose that exhaustive tests had been made by
some authority to determine the maximum weight of
cars which might be operated safely with hand brakes.
A long search, however, failed to reveal any such series
of tests. When comparative tests had been made by
any company or other authority, most of the cars tested
had beenof the same weight. No thorough, exbaustive
test apparently had been made for the purpose of
determining the limiting weight of cars which might
be safely operated with hand brakes. Moreover,
when available records of various tests were examined,
they were found to be contradictory and inconsistent.
For example, the tests by the New York railroad
commission in 1899 on cars weighing about 20,000

1 Electric Railway Journal, Sept. 13, 1918."
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pounds showed hand brakes better than air brakes at
almost all speeds. On the other hand, tests on the
Hanover Street railways, reported to the International
Street and Interurban Railway Congress, Munich,
1908, on cars of about the same weight showed air
brakes far superior at all speeds.

In the course of this search it became apparent that
tests do not always furnish a reliable criterion of the
relative value of different brakes. They merely state
the stopping distance of the car under the particular
conditions that obtained at the time of the test.

" Among these conditions may be mentioned the brake-
shoe adjustment, the weight of the car, the condi-
tion of the rail, and the human element. Most of
these factors vary widely during the course of the
day, and each of them may change independently of
any of the others. Thus, on account of the wear of
the brake shoes, the brake adjustment may change
materially even in the course of a single trip. The
weight of the car is continually changing, owing to the
fluctuations in the number of passengers. The condi-
tion of the rail may alter entirely in the course of a
fow seconds. This change is often such that a visual
inspection of the rail fails to reveal its quality. Thusa
wet rail may provide an ideal surface for stopping a car
quickly, or it may offer the reverse. In the same way,
though not to the same extent, the distance in which
a car may be stopped on a dry rail varies according to
whether the rail is clean or covered with dust or dirt.
For this reason it is impossible to be sure that the rail
conditions are the same in tests on two different brakes,
or that the rail condition at the time of the test repre-
sent correctly average rail conditions under which the
car must operate throughout the year.

The human element also is extremely variable. In
actual service there are many strong motormen, and
many who are physically wealk; many who are intelli-
gent and mentally alert, and many the reverse; many
in fresh physical and mental condition, and many
tired from a day’s work.

During most tests the motorman usually knows that
he is soon to receive the stopping signal and, knowing
what he is expected to do, is intent upon doing that
thing in the most efficient manner. During such tests,
also, the streets are usually bare of traffic, and the mo-
torman’s attention is not distracted by other duties,
such as making up lost time, keeping a lookout to pick
up passengers, and obeying the conductor’s signals.
Usually a picked motorman is chosen, selected for his
general intelligence and interest in his work. The
motorman is generally in fresh physical condition,
and therefore in good mental condition and to that
extent capable of responding to any demands made
upon him. The results obtained in service at the
close of a long, wearying day’s work would be entirely
different from the results obtained in any series of
tests. It is impossible to devise any series of tests
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under conditions which even approximate the average
conditions existing in actual service because it is
impossible to tell what the average of these varying
factors may be. Hence it is not wise to place too
great reliance upon tests as a method of determining the
type of brake which must be used on any type of car.

The census reports for 1902 and 1907 give the fol-
lowing figures relating to cars for city service:

Cars, total I\l’upﬂbe{1 I’ericeng
ars, tot equippe equippe
muraber. | With ot | Sth el
brakes. brakes.

B SN 83, 641 31,684 37.8

1902, i eiceleien v anne e 66,784 7,905 11.8

THICTORS e e e meneeseeameneennnnnnnnns 16, 857 23,779 |eveeeennnnnn

According to these figures, practically all new cars
purchased during this period were equipped with air
brakes, and many of the old cars had air brakes added.
On the other hand, although these figures show the
growing esteem in which the air brake is held through-
out the country, they give no indication of the weight
of cars so equipped.

More definite information. is obtained from a study
of the braking practice observed in various cities.
It appears that all cars are operated with power
brakes in. the cities of Cleveland, Detroit, Los Angeles,
Milwaukee, Minneapolis, St. Paul, and St. Louis. In
addition, all double-truck cars are equipped with

- power brakes in Chicago, Cincinnati, Indianapolis,

Louisville, Omaha, and Seattle, and in the state of
New Hampshire. In the city of Denver all new cars
purchased are equipped with air brakes and prac-
tically all the old ones are so equipped. This evidence
is important as showing the opinion on this subject
held by managers and municipal authorities through-
out the country.

The New York law requires all street railroad com-
panies under jurisdiction of the public-service com-
missions to report all accidents which occur on, their
lines. A study was made of these accidents in the
first district by the commission of that district to
determine what evidence could be obtained from them
bearing on the subject of brake equipment.

From the accidents so reported for the years 1909
and 1910, all those caused by the front end of & moving
car were selected. These accidents were listed accord-
ing to the weight of the car. By the use of the average
number of cars of each weight operated throughout
the year, the figure representing the total number of
such accidents listed under each weight of car was
reduced to the number of accidents per 100 cars.

The maximum weight of single-truck cars is about
20,000 pounds. The weight of double-truck hand-
brake cars used in New York City in 1909 and 1910
varied from 20,000 pounds to about 40,000 pounds.
The weight of air-brake cars varies from about 25,000
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pounds to about 50,000 pounds. The list of accidents
reported for the various weights of cars is given in the
following table:

Accipents To0 Surrace Cars RrrorTED To PUBLIC SERVICE
CoummrssroN, FrrsT Distrior, puring 1910 Anxp 1909,

Aver-
age
Total. || 1910 | 1909 per
year,
Ha.nd brake single-truck cars, weight 16,000~
pounds:
Number ofaccidents. .. ................ .| 166 111 55 83
Number of ears. ... ovvveenmveiaiiiiinaaeans 820 I 765 875 820
Accidents per 100 cars. .. covevecriainnnnnns 20.2 14.5 6.3 10,1
Hand-brake double-truck cars, weight 20,100~
25,000 pounds:
umber of aceidents. ... ....ooiiiiiiiiis 62 42 20 31
Number of 6arS. . cvaeeeeivareeeeeenennnans 281 281 281 281
Accidents per 100 cars ... cccocieneiiia... 22 15 7.1 11
Hand-brake double-truck cars, weight 25,100~ -
40,000 pounds:
Number of aceidents. . 326
Number of cars......... . 2,010
Accidents per 100 cars 16
Air-brake double-truck cars, weight 25, 000»
40,000 pounds: '
Number of accidents. ... oo.eemneneemeeon... 212 162 50 106
Number of Cars. cuv e eereereeneireeenans 841 959 723 841
Accidentsper 100 €ars. ..o vveeveinianin... 25.2 16.9 6.9 12.6
Air-brake double-truck cars, weight 40,000
poundsand up:
Number of aceidents. .. .coooevoiiiiananan 187 04 - 93 94
NUMDET OF COTS e e e aveeemeammneeaeanemnnnans 699 704 695 699
Accidents per 100 Cars. .ouveanrieranaanians 26.8 13.3 | 13.4 13.4.

The value of such a list lies in great part in the fact
that it deals with large numbers. A large number of
cars will usually be operated under average condi-
tions. A small number of cars may be and often are
operated under special conditions. For example, a
small number of cars may be operated in a very con-
gested territory or the reverse, or the daily mileage
may be exceptionally large or small. Such criticisms
do not usually hold when large numbers are dealt with.

The figures given in the above table suggest the
following conclusions:

1. On single-truck cars weighing not more than
20,000 pounds, hand brakes are satisfactory, and no
improvement could be obtained by the use of air
brakes.

2. On double-truck cars weighing not more than
25,000 pounds the evidence is inconclusive. Although
the number of accidents per 100 cars is small, the
number of cars is small, so that the record lacks

weight.

3. Cars weighing from 25,000 pounds to 40,000
pounds equipped with hand brakes were mvolved in
about 30 per cent more accidents than wefe an equal
number of cars of the same weight equlpped with air
brakes.

An examination was also made of the number of
accidents reported on cars weighing from 25,000
pounds to 30,000 pounds. In this class there were
a great many cars, and the record showed, even more
strongly in favor of air brakes than did the record of
the larger class, including cars weighing from 25,000
pounds to 40,000 pounds.

Mr. Dodd held that a more accurate criterion would
have been a comparison on a mileage basis—that is,
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a record of the accidents, say, per 1,000 miles. Air-
brake cars, being newer, are more popular with the
traveling public than are hand-brake cars. 'With the
same motor equipment the schedule speed of an air-
brake car is higher than’that of a hand-brake car.
Air-brake cars are in much greater favor -with the
motormen because of their ease of operation. The
power consumption of air-brake cars is considerably
less than that of hand-brake cars on account of the
fact that with hand-brake cars motormen usually
operate in congested traffic with the brake partially
applied so as to be able to stop the car quickly when
necessary, while with the air brake they run free. TFor
all these reasons it appears probable that for cars of
the same weight the mileage of cars equipped with air
brakes is much greater than that of an equal number
equipped with hand brakes. It therefore follows that
a record of accidents on a mileage basis would be
much more favorable to air brakes than the record
given above.

The recommendations of the pre51dmg comxmssmner
were as follows:

1. That all double-truck passenger surface cars in service Weigh~
ing over 27,000 pounds should be equipped with power brakes and
geared hand brakes on or before June 1, 1912. This will give the
companies an opportunity during the next six months to equip
with power brakes all of their open cars weighing 27,000 pounds and
upward, and also their closed cars during the summer of 1912 which
will be required to go into service in the autumn.

2. That all double-truck passenger surface cars in service weigh-
ing over 25,100 pounds should be equipped with power brakes and
geared hand brakes on or before June 1, 1913.

3. That all double-truck passenger cars weighing 25,100 pounds
or less should be equipped with geared hand brakes on or before
June 1, 1912.

4. That all cars other than passenger cars should be equipped with
power brakes and geared hand brakes on or before June 1, 1912.

" One of the companies most directly affected by the

order had 1,125 cars on which both air brakes and
geared hand brakes would have to be provided, and the
total cost of the change was estimated at $560,000.
It secured a rehearing and conducted a series of tests
on the relative stopping distances that could be
obtained with air brakes and various makes of hand
brakes. The series included tests of five different
makes of hand and air brakes adjusted to four different
ratios or pressures, tests on three different weights of
cars, tests on wet and on dry rail, and tests with and
without sand. In most cases the car was stopped by
means of the brake and also by reversing the motors.
With the air brake the car was stopped by the ¢‘service”’
application and by the ‘‘emergency” application.
Tests were made on an empty car, on a car loaded
with sand to represent a seated load, and on a car
loaded to represent a standing load. The car was
stopped when running at 5, 10, 15, and 20 miles per
hour. Three stops were made at each speed and load,
making 36 stops for each complete test of each brake
and method of braking.
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From these tests an enormous number of data were
obtained. ‘‘For the sake of simplicity,” Mr. Dodd
claims, ‘it was necessary to eliminate from considera~
tion as many as were not essential or for-any reason
not reliable.” o

The wet-rail tests were very erratic. In many
instances the stops were much longer than the corre-
sponding stops made on the dry rail, and also in many
instances they were much shorter. Two consecutive
stops, made apparently under identical conditions,
would vary from each other in a ratio sometimes as high
as four to one. Although operation under bad rail
conditions is very important, the results of these wet-
rail tests were such that no consistent conclusions
could be obtained from them, and they were for that
reason disregarded.

The motor-reverse stops were disregarded, for many
reasons. In the motor-reverse tests the stop was
obtained principally by the motor. It was not a
test of the brake. Such a method of braking re-
quires an entirely different procedure in an emer-
gency from that employed in ordinary ‘‘service’”
braking. Consequently, it is probable that the re-
sults obtained in these tests by this means of braking
were superior to what would be obtained in actual
operation, inasmuch as in the tests the motorman
knew in advance that he was to stop the car in a cer-
tain manner. It also appeared that although revers-
ing the motors often gave better results than stopping
by means of the brake, this was the case; as a rule,
only at lowspeeds. At high speedsreverse stops usually
gave poorer results than brake stops, and at these
speeds the superiority of the brake stops was much
more marked than the superiority of the motor stops
at low speeds. For these reasons the reverse stops
were eliminated from consideration and attention
was devoted to the brake stops. ,

For the purposes of the hearing, the object of the
tests was to determine what brake would stop a car
in the shortest distance in order to avoid an accident.
For this reason the ‘‘service’” stop was not consid-
ered, the brakes being considered solely on an ‘‘emer-
gency’’ basis.

Since the purpose of the tests was to determine the
action of the brake in its operation throughout the
year, individual stops were disregarded and the aver-
age length of stops was the only figure considered.

Summing up his conclusions on the data and tables
set forth, Mr. Dodd asserts that to the extent that the
tests were reliable as evidence they proved: First,
that air brakes properly adjusted are superior to any
hand brake tested; second, that in actual service the
strain produced in the brake rigging by an air brake
is much less than that caused by those hand brakes
which showed themselves most efficient; third, that in
an emergency the possibility of skidding is much
greater with a hand brake than with an air brake, and
that, therefore, the results obtained in actual service
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with a hand brake would be inferior to those obtained
with an air brake. The result of the tests, therefore,
was to confirm the commission in its previous opinion.
In the final order on the motion, made June 21, 1912,
section 4 of the order, relative to service cars, was
rescinded and increased time was given to the compa-
nies to comply with the other sections, but no change
was made in the weights affected.

A curious example of the onerous obligations that
may be thrown on street railway companies at any
time in the operation of their mechanical departments
is afforded by the air-brake law passed by the legisla-
ture of Ohio in 1910, requiring all electric cars to be
equipped with air brakes of a certain type. The
brake defined was one which would be capable of
applying to all the brakeshoes and wheels of an elec-
tric car & maximum permissible braking pressure and
of automatically reducing such braking pressure as the
speed of the car decreased. Under the law, 50 per
cent of all electric cars in Ohio had to be so equipped
prior to January 1, 1911, and 75 per cent prior to

January 1, 1912. The law provided a penalty of $100

for each violation of the act, the penalty to be recov-
ered in a suit to be brought by the prosecuting attorney
of the county where such violation occurred. Moving
under this act, the prosecuting attorney of Jefferson
County, Ohio, brought suit against the Tri-State Rail-
way & Electric Co. and the Steubenville & East Liver-
pool Railway & Light Co. in the court of common pleas,
No. 2, of Jefferson County, before Judge Shotwell.
The defense was that there was no brake such as the
public-service commission of Ohio would approve, and
that there was no air or electric brake or apparatus
capable of applying to all the brakeshoes and wheels
of cars a maximum permissible braking pressure and
of automatically reducing this pressure as the speed
of the car decreased.

In his opinion Judge Shotwell stated that the statute
was evidently passed with the idea of requiring the
equipment of cars with a patented brake. Among the
witnesses at the trial was the patentee. Testimony
was brought out that a car equipped with his brake
had been in use in Dayton while the bill was under con-
sideration by the legislature. He had sold his interest
in the patent to a company in Indianapolis, but ac-
knowledged that the brake was not being manufac-
tured. The factory where the brake had been made
was devoted to repair work in other branches of me-
chanical engineering. For a number of years he had
made no further effort to develop the brake. As a
result, the court declared that there could be no dis-
pute that such a brake was not on the market, that
nobody was making it or selling it, and that no one
could buy it.

One of the witnesses for the defense, Mr. Thomas
Elliott, chief engineer, Cincinnati Traction Co., said
that he had made an examination of the brake and
considered it worthless for the purpose of attaining
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the result claimed. Mr. R. N. Henning, superintendent
of motive power, Indiana Union Traction Co., testi-
fied that the brake was a failure and would not
operate.

‘Witnesses for the plaintiff consisted of a conductor
and a motorman on one of the local lines, who said
that they had seen a brake of the kind in Chester,
W. Va., but on further examination acknowledged
that they knew nothing about the technical construc-
tion of brakes and did not know whether such a brake
could be used on the East Liverpool lines. The ex-

istence of such a brake at Chester was denied by |

witnesses for the defendant.

Another witness was formerly the member of the
state legislature who had introduced the bill. He
testified that by trade he was a decorative painter
and that he had no special knowledge of railway
operation or the construction of brakes. He said that
during the session of the legislature in 1910 he had
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met the patentee, had adopted his ideas in regard to
the practicability of the brake, and had embodied
them in the bill introduced by him in the legislature.

The court then carefully reviewed the legal situation
which occurs when a legislature passes a statute which
can not be enforced, and, after quoting various prece-
dents, concluded that the law must be considered to
be inoperative. Hence there was a finding in favor of
the defendant.

ELEOTRIFICATION OF MAIN LINES.

The progress made in the electrification of main
lines of steam railroads during the last five-year period
is quite notable. The data as to conditions existing in
1912-13 and to be worked out in 1914 have been
compiled in a very helpful manner by Mr. E. P. Burch,
of Minneapolis. The table given herewith, as will be
seen, is based on a group of 10 roads in regard to each

class of work.

i P Number
NAME OF RAILROAD, %gza?f Dﬁ;%sk?f of loco- Explanation, or name of division.
motives,
Principal main-line elecirifications in service:
New York, New Haven & Hartford. 88 500 100 | New York to New Haven and switching yards.
Spokane & Inland Empire.......... 188 187 12 | Main line; excludes local lines.
Tutte, Anaconds & Pacific.. 27 90 17 | Largely mine switching.
Trench Southern............ 165 205 16 | Partly equipped.
Baden State....oavanaiaas .. 10 31 34 | Basel-Séckingen.
Prussian State. ...ceeiivniiiaaaa. .. 19 50 13 | Dessau-Bitterfeld.
Italian State........ 104 156 84 | Valtellina, Giovi, and Savonna lines.
St. Polten-Mariazell 63 68 14
Ratische Mountain. 46 48 11
Bernese Alps . semessaaans 52 55 - 16 | Lotschberg line.
Principal terminal or passenger-service electrifications in
service:
New York Central. .o coeeenmaniiiiiiiiiiiiiiiines 50 240 47 | Terminal service; no freight service.
Pennsylvanio......... 15 72 35 | Terminal service; no freight service.
Long Island.......... 100 250 Motor-car trains only.
‘West Jersey & Seashor 75 150 0 | Motor-car traixs only.
New York, Westchester & Boston 19 63 0 | Motor-car trains only.
Southern Pacific. cvecuecanacnns 50 100 0 | Motor-car trains only, largely on Oakland streets.
Metropolitan Railway, London........ .- 35 70 20 | Main line and suburban trains.
London, Brighton & Jouth Coast--.... .. 60 160 0 { Motor-car trains only.
Paris-OTleans. « o coeeeeeensnnsanennnn - 14 46 11 | Main line and suburban trains,
Hamburg-Ohlsdorf ceu. e veiee e ceniieaes 17 41 0 | Motor-car trains only.
Main-line electrifications to be completed in 1914 and 19: . .
Norfolk & Western. coveeeueriireniiiarecinnen. 30 85 25 | Bluefield-Vivian division.
Pennsylvania. ...... 20 90 0 Phﬂadeg)hia. suburban.
Canadian Pacific..... tesesenees .. 30 43 4 | Rossland-Castlegar grades,
Chicago, Milwaukee & Puget Sound.................... 113 168 14 | Rocky Mountain division.
North E‘asterzi, England..cceovcaniiniiienaieaiinanan 18 44 10 | Freight service.
Swiss Federal....... 93 100 20 | Chiasso-Lucerne section of St. Gotthard division,
Swedish State. . 80 93 13 Kiruna-Rﬂcszizrémsen division.
Prussian State. 81 124 44 | Lauban-Konigszelt division.
Ttalian State... 32 60 16 | Milan-Lecco division.
Vienna-Presshurg... 42 50 8 | Main-line service.

Steam railroad electrification, in one sense, is
almost as old as the electric railway itself,* for among
the first lines to be electrified were the dummy roads
in the suburbs of the larger cities and the shorter
steam railroad branches which had become part of
urban traction systems.

Baltimore & Ohio Railroad.—It is an interesting
coincidence that the Baltimore & Ohio Railroad,
which in 1828 placed in service the first American-
built steam locomotive on its initial 3 miles out of
Baltimore, should also have been the pioneer user of
heavy electric locomotives. Its Belt Line tunnel at
Baltimore, comprising 7.4 miles of single track, was
electrified on the third-rail system in 1895 to eliminate

! Electric Railway Journal, June 7, 1913.
58795°—15——26

ferringe and give the railroad direct entrance to
Baltimore.

New York, New Haven & Hartford Railroad.—The
New York, New Haven & Hartford Railroad, which
holds the lead in length of electrified track, entered
the electrification field in 1895, when it equipped with
electric power for direct-current overhead operation
a total of 16.8 miles of single track between Nantasket
Beach and Pemberton, Mass., on a peninsula about
10 miles southeast of Boston. This line is operated
with electricity only in summer.

The company’s first heavy interurban electrification,
and the first undertaken by any trunk line in the United
States, was the equipment, in 1902, of its Providence-
Warren-Bristol-Fall River branch with the 550-volt,
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direct-current, simaple overhead system. It is 38.5
miiles in length, measured as single track, and consists
‘of a double track from Providence to Warren, a
single track from Warren to Bristol and Fall River,
respectively, sidings at Providence, ete. The service
is of standard interurban character and includes the
handling of baggage. Electrification of = this line
made it possible to give a faster schedule despite an
increase in the number of stops made by local trains.
During 1907 the New Haven company added to its
branch electrifications the Middletown-Berlin-Meriden
and Hartford-Vernon-Melrose lines in Connecticut.
The construction on the Middletown-Berlin section,
10.4 miles long, and on the Middletown-Meriden sec-
tion, 7.2 miles long, is of 600-volt, direct-current, plain
overhead type. These sections were electrified to give
‘more profitable feeders for the trunk lines and to build
up the towns served by providing connections with
the local street cars.

The Vernon and Melrose lines follow the tracks of
the Hartford street railway system of the Connecticut
company for 2.5 miles to Hast Burnside, where the
cars are deflected to the steam railroad right of way
from Buckland, Manchester, and Talcottville to Ver-
non Junction, a distance of about 16.8 miles, single
track. At Vernon Junction the line swings to the
north and passes to Rockville and Melrose over
single-track branches totaling 14.7 miles in length.
The electrification of these lines made it possible
to bring passengers into the business section of Hart-
ford and to improve the headway through the opera-
tion of single cars.

In addition to these direct-current electrifications,
the New Haven company’s tracks between Middle-
town and Cromwell, Tafts and Central Village, etc.,
carry trolley cars of its subsidiary, the Connecticut
company, besides the regular steam service.

The 11,000-volt, single-phase, 25-cycle main-line
electrification of the New York, New Haven & Hart-
ford Railroad now in operation comprises 21.5 miles
of route, or 109.3 miles of single track, between
‘Woodlawn at the New York City line and Stamford;
and the Harlem River branch has been completed
with 63.4 miles of main line and 78 miles of yard track;
a total of 141.4 miles of single track. The main-line
electrification for the 41 miles between Stamford and
New Haven now nearing completion will comprise 170
miles of main-line track and 40 miles of yards and
sidings, or 210 miles in all." The board of directors
has approved the electrification of the four-track main
line between Providence and Boston, a distance of
approximately 50 miles. This affects 196 miles of
main-line track and 20 miles of yards and sidings, a
total of 216 miles.
 The company also operates a single-phase cross-
country line of light catenary type between Stamford
and New Canaan, comprising 7.7 miles of single track.
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This road carries electric passenger traffic and steam
freight, the latter being handled at night.

On May 27, 1911, the Boston. & Maine Railroad
placed in service the Hoosac Tunnel, which had been
electrified for 11,000 volts, 25 cycles, single phase, in
conformity with the practice of the New York, New
Haven & Hartford Railroad.

The New York Central and New Haven electrifica-
tions were accelerated by the compulsory conversion
of the joint viaduct and tunnel entrance to the Grand
Central Station via Park Avenue, New York. Unlike
the alternating-current, direct-current electrification
of the New Haven company, the New York Central
equipment is direct-current, third-rail throughout.
The latter electrification comprises two lines out of
New York City—the Harlem division to North White
Plains, 24.4 miles northeast, and the Hudson (main
line) division to Harmon, 34 miles north of New York,
a total of 234.4 miles of single track. The New York
Central & Hudson River Railroad has no immediate
plans for additional main line work,-but a plan to
electrify its freight entrance along the Hudson River
in New York City is being considered by the railway

~company and & committee of the board of estimate

and apportionment of New York.

The electrification of the Detroit' River tunnel, 19.2
miles of single track, was completed in October, 1910,
by the Michigan Central Railroad, a subsidiary of the
New York Central & Hudson River Railroad. This is
a 650-volt, direct-current, third-rail line.

The Oneida Railway is a 600-volt, direct-current,
third-rail line, comprising 44 miles of route, or 118
miles of single track. It is an electrification of the
main line of the West Shore Railroad between Utica
and Syracuse, N. Y. The passenger cars operated
by the Oneida Railway over this section also are
run over the tracks of the Utica and Syracuse street
railway systems, which, like the West Shore and
Oneida companies, are controlled by the New York
Central & Hudson River Railroad. The regular
through steam service of the West Shore Railroad is
still maintained over this section.

Electrification of the suburban lines of the Long
Island Railroad, controlled by the Pennsylvania Rail-
road, was begun about 1903, the first electric trains
being operated on the Atlantlc Avenue division in
July, 1905. The electrification was due to the recon-
struction of this outlet from Brooklyn as a sub-
way and elevated line, to the desire to encourage
suburban and seashore travel, and to the necessity for
greater terminal capacity in a section where property
values were high. The conversion of all parts of the
suburban system for third-rail, 600-volt operation has
not yet been completed, but the electric lines now total
1,868 miles of single track.

During 1910 the Pennsylvania Railroad completed
its New York terminal, comprising 98.4 miles of direct-
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current, third-rail construction from Manhattan trans-
fer station opposite Newark to Long Island City, via
a new route to Bergen Hill and through tunnels under
the Hudson River, Manhattan Island, and East River.
By arrangement made in 1911 with the Hudson &
Manhattan Railroad, cars of the latter company are

operated electrically over the right of way of the
Pennsylvania Railroad between Newark and J ersey
- City. ‘ ‘

The West Jersey and Seashore division of the Penn-
sylvania Railroad between Camden (opposite Phila-
delphia) and Atlantic City comprises 150.3 miles of
700-volt, direct-current, third-rail construction. This

electrification was due chiefly to the desire to encourage

seashore travel on high-speed trains. The electric
service was opened September 18, 1906.

The route of the approved Philadelphia-Paoli
electrification covers a distance of 20 miles. This line
is to form the beginning of a general electrification of
the Pennsylvania’s lines in and around Philadelphia.
The length of the electrification, measured as single
track, will be approximately 90 miles, depending on the
number of sidings converted.

In June, 1907, the Erie Railroad completed the
electrification of its Mount Morris division between
Rochester, Avon, Geneseo, and Mount Morris, N. Y.,
a route distance of 34 miles, equivalent to 40 miles of
single track. This line, which is of interurban passen-
ger character, is operated at 11,000 volts, 25 cycles,
single phase, with Niagara power.

During 1911 the Southern Pacific Railroad converted
96 miles of suburban steam track in and about Oak-
land, Alameda, and Berkeley, Cal., to overhead 1,200-
volt, direct-current operation. o

The electrification of the Grand Trunk Railway, as
carried out in 1908 under the name of the St. Clair
Tunnel Co., comprises 4 miles of tunnel track at Port
Huron, Mich., operated at 3,300 volts, 25 cycles,
single phase. ’

The electrification of the Great Northern Railway’s
Cascade Tunnel, between Leavenworth and Sky-
lcomish, about 100 miles east of Seattle, was com-
pleted in July, 1909, for 8-phase, 25-cycle, 10,000-volt
operation. This is the only 3-phase line in the United
States. It has 6 miles of single track, including the
approaches. The distance between Leavenworth and

*Skylkomish, the terminals of the completed 3-phase |

electrification, is 57 miles. The line was electrified to
eliminate smoke troubles and increase its capacity.

This company is also considering the electrification
of a 530-mile line between New Rockford, N. Dalk.,
and Lewistown, Mont., for which roadbed and other
construction contracts have been awarded. In this
case electrification is favored because of the poor coal
and water conditions for locomotives. _

The Chicago, Milwaukee & Puget Sound Railway
has contracted for hydroelectric power to operate its
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line from Harlowton, Mont., to Avery, Idaho, a dis-
tance of nearly 440 miles. Itis probable that a 2,400-
volt direct-current system will be used. Averyis2,495
feet, Harlowton 4,163 feet, and the intermediate town

‘of Deer Lodge 4,520 feet, above sea level. The dis-

tance between Avery and Deer Lodge, the terminals
of the proposed initial electrification, is 211.5 miles,
and between Avery and Harlowton 439.3 miles, all
single track. -

The Denver, Rio Grande & Western Railway has
decided to electrify one 114-mile mountain division.
The distance between Helper and Soldier Summit,
which are to be the terminals of the initial electrifica-
tion, is 29 miles, and from Helper to Salt Lake City
114 miles. Helper is 5,840 feet, Soldier Summit 7,454
feet, and Salt Lake City 4,224 feet, above sea level.

The latest mountain electrification is that of the
Norfolk & Western Railway for the heavy coal-carry-
ing line between Vivian and Bluefield, W. Va., com-
prising 30 miles of route, or 75 miles of single track.

Butte, Anaconda & Pacific Railroad—In view of
the many features of importance pertaining to the
electrification of this line, reference to some of the
details will be of interest. The Butte, Anaconda &
Pacific is credited with being the first steam road
operating both freight and passenger service to elec-
trify its lines purely for reasons of economy. The
special factors, such as terminal and tunnel operation
or rapid suburban service, which have been the deter-
mining considerations in a number of steam railway .
electrifications, were not présent in this case. 'This is
also the first line to use 2,400 volts direct current into
the trolley. During the first seven months, the line
made approximately 201,000 miles and hauled about
2,365,000 tons of ore. The steam locomotive crews
easily acquired proficiency in handling the electric
locomotives; in fact, two or three days’ instruction
from a competent electrical man was ordinarily suffi-
cient. The change from steam to electricity was made
without any change in the personnel of the train crews
and without any delays or alterations in the schedule.
The engineers, without exception, have expressed
themselves as pleased with the easy operation of the
locomotives. The locomotives have been maintained
by the regular shop force with the assistance of one
man experienced in electrical apparatus.

The Butte, Anaconda & Pacific is essentially an ore-
hauling road, the freight traffic from this source origi-
natmg at the copper mines located near the top of
Butte Hill. From the mines, the ore trains are low-
ered down the mountain a distance of 44 miles to the
Rocker yards, a few miles west of the city of Butte.
At this point, new main-line trains are made up for
tradsportation to the smelters at Anaconda. The
main-line division extends for a distance of about 20 °
miles through a rough mountainous country. At East
Anaconda, the main-line trains are broken up and
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hauled up Smelter Hill to the stock bins, where each
car is Tun over the scales and weighed. The east-
bound traffic consists in returning empty cars to the
mines and the transportation of copper ingot to the
Butte yards, where it is shipped over other roads to
refineries. The electrified lines extend from the Butte
Hill yard to the smelter, a distance of 32 miles. There
are numerous sidings, yards, and smelter tracks that
have been equipped with overhead trolley, making a
total of about 95 miles of single track. ’

Between the cities of Butte and Anaconda, which

are located at the ends of the electrified portion of the
system, there is considerable local traffic, both pas-
senger and freight. The city of Butte and vicinity
have a population of about 65,000 and Anaconda about
10,000. At Butte, the Butte, Anaconda & Pacific
connects with the Great Northern, the Northern Pa-
cific, and the Chicago, Milwaukee & St. Paul; and at
Silver Bow, about 6 miles from the city, connection is
made with the Oregon Short Line:

The maximum curve on the system is 20°, which
occurs on the Butte Hill line. The locomotives are
designed with sufficient flexibility to take a curve of
31° at slow speed. Four passenger trains each way
per day are operated between Butte and Anaconda.
Single locomotives are used, hauling trains of from
three to five passenger and baggage cars.

The energy for the operation of the electric trains is
purchased from the Great Falls Power Co., Great
Talls, Mont. The power is stepped up to 102,000
volts for transmission, to the transformer substation at
Butte, a distance of 130 miles, over two separate par-
allel lines constructed on the same right of way. An
extension of the system transmits power at 60,000
volts to a second transformer station at Anaconda, 26
miles farther on. The two existing substations at
Butte and Anaconda were used to house the 2,400-volt
motor-generator sets required for operating the electric
trains, so that no additional buildings had to be con-
structed for this purpose. The energy is received by
two 1,000-kilowatt, 3-unit motor-generator sets in
each substation. These units operate continuously 24
hours per day, seven days in the week, to supply the
necessary current for train operation. Each. set con-
gists of a 3-phase, 60-cycle, 1,450-kilovolt-ampere,
synchronous motor operating at 720 revolutions per
minute, direct-connected to two 500-kilowatt, 1,200~
volt generators, insulated to operate in series for 2,400
volts. The generators are compound-wound and have
both commutating poles and compensating pole face
windings. They will carry three times the normal load
for periods of five minutes, as well as the usual 50 per
cent overload for two hours.

An automatic voltage regulator is used to maintain
an approximately constant voltage at the terminals of
the motor by power~factor regulation. The motors
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are protected against overload by inverse time-limit
relays, which are set to open at four times the normal
load. These relays have been adjusted to open under
a sustained overload in about two seconds, and upon
short circuit their action is practically instantaneous.
Excitation, for the generating units in each sub-
station is obtained from two induction motor-driven
sets, rated at 50 kilowatts each at 125 volts.

The 2,400-volt switchboards for controlling these
gets are the first direct-current railway switchboards
to be constructed for this high voltage. They are
similar to the standard 600-volt types, but have in-
creased insulation and special provisions for inter-
rupting the 2,400-volt current. The circuit breakers
and switches are arranged for remote control, and all
the apparatus on the panels is provided with ample
insulation, to insure safety to operators. The 2,400-
volt circuit breakers and switches are installed on
separate panels above and back of the main panels, and
are operated by connecting rods from handles mounted
on the front of the main switchboard. The breakers
are equipped with special magnetic blowouts and arc
chutes, and. provision is made for automatically
inserting a high resistance in the generator field at the
same instant the main circuit breakers open, thus re-
ducing the generator voltage.

The overhead construction is designed for pantograph
trolleys. The No. 0000 grooved copper trolley used
over all tracks is supported by an 11-point catenary
suspension from a stranded steel messenger cable.
The hanger used on the straight-line construction is a
rolled-steel strap looped over the messenger wire. The
section, breakers were designed for the 2,400-volt serv-
ice, and at six points insulated crossings are necessary
at the intersection of the 2,400-volt trolley with the
600-volt trolley of the city system. On the main line
a very simple section insulator is used. This is made
by paralleling the two trolley wires from the ends of
the two sections at a suitable distance for insulation,
so that the pantograph bridges the two circuits for a
short distance, thus avoiding interruption. of the power
supply to the locomotive. The construction in the
yards and sidings is simplified by paralleling the
trolleys from the side-tracks for a short distance along
the main line. This avoids the use of switch plates or
similar devices. At some of these junction points the
pantograph engages as many as six trolley wires at the-
same time.

The trolley -wire is reinforced between the substa~
tions with two 500,000-circular-mil bare copper cables
tapped to the trolley at intervals of 1,000 feet. A
No. 0000 negative return wire is also installed between
Rocker and East Anaconda. The wire is carried on
the trolley poles and is connected to the cross bonds
at intervals of 1,000 feet. The substations are nor-
mally connected together by these feeders, allowing



an interchange of current. In emergency, either
station can supply current to the entire system.

The locomotive equipment consists of seventeen
80-ton units, 15 for freight and 2 for passenger serv-
ice. The freight locomotives are geared for slow speed
and are operated in pairs for the main line service.
The maximum free-running speed is 35 miles per hour.
The two passenger locomotives are of the same con-
struction as the freight umits, but are geared for a
maximum free-running speed of 55 miles per hour.
A speed of 45 miles per hour is made with three
passenger coaches on a straight, level track. These
locomotives are of the articulated double-truck type
with all the weight on the drivers. The cab contains
an engineer’s compartment at each end and a central
compartment for the control apparatus. The central
channels forming a part of the underframe are inclosed
and are utilized as a distributing air duct for the forced
ventilation of the motors. The air is conducted
through the center pins, which are hollow, into the
truck transoms and thence to the motors. The motors
are of the commutating-pole type, wound for 1,200
volts and insulated for 2,400 volts, and provided with
forced ventilation. The gear reduction on the freight
locomotive is 4.84, and on the passenger locomotive
3.2. The double-unit, 160-ton locomotive is capable
of giving a continuous sustained output of 2,100
horsepower. The motors are connected to the driving
wheels by twin gears similar to those used on the
Detroit River Tunnel, the Baltimore & Ohio, and the
Great Northern locomotives.

The control equipment is multiple-unit, operating
the four motors inseries and in series-parallel. The two
1,200-volt motors are permanently connected in series.
The controller provides ten steps in series and nine
in series-parallel. The transition between series and
series-parallel is effected without opening the motor
circuit, and there is no appreciable reduction in tractive
effort during the change. The transfer of circuits at
this point is made by a special change-over switch,
which is operated electropneumatically. The 2,400-
volt contactors are operated from the 600-volt control
circuit, and are specially constructed to separate the

2,400-volt parts from the coils and interlocks which

carry the 600-volt current. The necessary insulation
is obtained by large clearances and by the use of
porcelain and mica insulation. The armature is
connected to the contact lever by a wooden rod. The
contacts, magnetic blow-out, and arc chutes are also
especially designed to rupture the 2,400-volt arc.
Current is collected by overhead roller pantographs
operated by compressed air. A 2,400-volt insulated
bus line runs along the center of the cab roof. These
bus lines are connected together by couplers between
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the two freight units, so that the current may be
obtained from either one or two collectors.

The principal date and dinensions applying to the

' locomotives are the following:

Lengih inside of knuckles, 37 feet 4 inches.

Length over cab, 31 feet.

Height over cab, 12 feet 10 inches.

Height with trolley down, 15 feet 6 inches.

‘Width over all, 10 feet.

Total wheel base, 26 feet.

Rigid wheel base, 8 feet 8 inches.

Track gauge, 4 feet 8% inches.

Total weight, 160,000 pounds.

Weight per axle, 40,000 pounds.

‘Wheels, steel tired, 46 inches.

Journals, 6 inches by 13 inches.

Gears, forged rims, freight locomotives, 87 teeth.

Gears, forged rims, passenger locomotives, 80 teeth.

Pinions, forged, freight locomotives, 18 teeth.

Pinions, forged, passenger locomotives, 25 teeth.

Tractive effort at 30 per cent coefficient, 48,000 pounds.

Tractive effort at one-hour rating, 30,000 pounds.

Tractive effort at continuous rating, 25,000 pounds.

Classification of work done.~—A very complete survey
of work done, conditions, and apparatus was fur-
nished in a paper read before the Canadian Society of
Civil Engineers, in December, 1913, by Mr. A. H.
Armstrong, the well-known American expert, in which
he discussed the methods of electrification and their
actual application. .

The electrical engineer has perfected several types
of locomotives and different methods of distributing
electric power to them, thus giving rise to what are
known as several different ‘““systems of operation.”
The term “system’’ is generally applied to the com-
bination of lecomotive and trolley or third-rail dis-
tribution, as the matter of power generation and trans-
mission is common to all. The three systems consid-
ered for main-line electrification are as follows: Single
phase, alternating; split phase, alternating; and high
voltage, direct current.

The single-phase commutating motor has been in
operation upon interurban electric railways for some
years, said Mr. Armstrong, and a study of the history
of these installations reveals some of the fundamental
reasons why this type of motive power has not been
more generally adopted. It has been found that the
initial expense and cost of upkeep of rolling stock
equipped with single-phase commutating motors is
fully double that of cars having the same seating
capacity and equipped with direct-current motors.
No new installations have been made for the past three
years, and the several single-phase roads are being
changed over to direct current as fast as financial
conditions will permit. The single-phase installations
are listed in the following table; and on those roads
whose names are preceded by asterisks the single-
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phase motors have been replaced with the direct-
current type: ' : '

Smvere-PrAseE Ramnway INSTALLATIONS 1N UNITED STATES AND

CANADA.

NAME OF RAILWAY. Yoar.
Indienapolis & Cineinnati Traction Co.. ..o iiiiiiiiii it 1904
*Atlants Northern Railway..ovaeeaenniionn. emeeueanaae .e..] 1905
*]1linois Traction system. ... ..oooneoi o e eeeecenmaseemamaeamenocniiaas 1905
Long Island Railroad—§Sea Clff division..........ooooiioiiiiiiaa.. 1905
San Francisco, Vallejo & Napa Valley, California. .. ....oo.ooviaiiiiiaaia.. 1905
*Warren & Jamestown Street Railway . oo .ot oo ieiiaaeaans 1905

Westmoreland County Traction, Derby to Latrobe, Pa
S’goka,ne & Inland Empire Railfoad. .
#Toledo & Chicago Railway....... .-
*Anderson Traction Co., South Carolin:

ErieRailroad. ccovvrennnaneiiinnnnannnnn

Fort Wayne & Springfield Railway........ .. 1907
*Milwaukee Electric Railway (interurban division). ... ..o.ovcviieiannnn. 1907
New fork, New Haven & Hartford Railroad. ... .. ...oooiiiiiiini.. 1907
¥pi tsburgil & BULIT SH000 REUIWET v o v .oemnnsvenssnaesnnssronnaesenoaerns 1507
Richmond & Chesapeake Bay Railway.......... 1907 .
‘Windsor, Bssex & Lake Shore Electric Railway. 1907
*Baltimore & Annapolis Short Line........... 1908
Chieago, Lake Shore & South Bend Railway........ 1908
Colorado & Southern: Denver & Interurban Railroad 1908
Grand Trunk Reilway: Saria-Port Huron Tunnel.. 1908
Hamnover & York Railway, Penngylvania. . ...c.oooiiriiiimiiniiinanaana.. 1908
Shawinigan Railway, Quebec. .......i..o..a. e eeieavaeaaeaaa 1908
Visalia Electric Railway, California. ... ........... evedueenarareevanuenraecn 1908
*Washington, Baltimore & Annapolis Electric Railway.....ovvooeoeiiis 1908
Rock Island Southern: Rock Island to Monmouth.. . 1910

New York, Westchester & Boston Railway.
Boston & Maine: Hoosse Tunnel. ..........

The introduction of the single-phase system was a
result of the success of suburban and interurban elec-
tric railway operation and the extension of these lines
over large areas, thus bringing into prominence the
question of economical power distribution. It was
recognized that a voltage higher than the commonly
accepted standard of 600 volts was desirable upon the
trolley in order to minimize the cost of installing
feeder copper and substations. While the single-
phase motor was being developed and installed upon

interurban railways, careful attention was also being

given to the question of the possibility of using direct-
current motor equipments at higher voltages, and
this resulted in the first 1,200-volt railway installa-
tion, on the Indianapolis & Louisville Traction Rail-
way, operated in 1907. The success attending this
operation. led to other similar installations at both
1,200 volts and 1,500 volts, until it is now generally
recognized, Mr. Armstrong asserted, that the high-
voltage, direct-current system is without a competitor
for all classes of suburban electric railways. It was
a safe prediction to make, he stated, that no more
single-phase motor equipments will be placed in opera-
tion in this country on new roads unless these roads
virtually form extensions of existing systems.

The following table gives a list of the several high-
voltage, direct-current installations in the United
States and Canada:

Hiea-Vorracr, Drrecr-CURRENT RAmLwAy INSTATIATIONS IN
Unrrep StaTeEs AND CANADA.

Num- DATE.
Voli- | ber of
NAME OF RAILWAY, age. | equip-
ments. Month. Year,
Indianapolis & Louisville Traction Railway | 1,200 13 || October..... 1907 -
Co., Scottsburg, Ind.
Central California Traction Co., Stockton,Cal.| 1,200 22 |l June........| 1908
Pittsburgh, Harmony, Butler & New Castle | 1,200 30 |j July... .| 1908
Raflway, Eidenau, Pa.
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Hieu-Vorraee, Dirpor-CURRENT RAILWAY  INSTALLATIONS IN
Unirep Stares aNp CAxapA—Continued.

Num- ' DATE.
NAME OF BAILWAY, - Zgg_" Egﬁff >
ments. Month., - |Year.
‘Washington, Baltimore & Annapolis Elec- | 1,200 47 || February...| 1910
tric Railway, Baltimore, Md. .
Milwaukee Electric Railway & Light Co., | 1,200 32 || March.......} 1910
Milwaukes, Wis.
ArIo?st%gk Vallay Raijlway Co., Presque | 1,200
sle, Me.
Oaklsfnd, Antioch & Eastern Railway, San | 1,200

Francisco, Cal.
Soi)lthem Cambria Railway Co., Johnstown, | 1,200

a.
Shore Line Electric Railway Co., Saybrook, | 1,200 22 || September. .| 1910
onn. .
Southern Pacific Railway (Oakland, Ala-| 1,200 82 || April........| 1911
meda & Berkeley division), Cal.
Tort Dodge, Des Moines & Southern Rail- 1,200 29 || September. .} 1911
way, Boous, Iowa. .
Solgnt Wesiem Traction & Power Co., New | 1,200 3|l May........ 1912
eria, La. .
Oregon Flectric Railway, Portland, Oreg....| 1,200 72 || July..o..... 1912
Davenport & Muscatine haﬂway Co., Dav- | 1,200 7 || August......| 1912
enport, Towa. .
Kansas Cit; 1,500 22

Clay Counl&y & S8t. Joseph

Railwa%ri ansas City, Mo.

Piedmont Traction Co., Charlotte, N.C..... .

Naghville-Gallatin  Interurban  Railway, | 1,200 6
Nashville, Tenn, :

B\ﬁte,tAnacondn & Pacific Railway, Butte,

ont. .

United Railways Co., Portland, Oreg........| 1,200 8

Southern Traction Co,, Dallas, Tex......... 1,200 30

Pilgtsbu.rgh & Butler Railway, Pittshurgh, | 1,200 13

9.

Pacific Electric (San Bernardino division), | 1,200 54
Los Angeles, Cal.

Tidewater Southern Railroad, Stockton, Cal.| 1,200 4

Portland, XEugene & Eastern Railway,| 1,500 38 || Building....|......
Portland, Ore%. |

Southern Tllinois Railway & Power Co., | 1,200 5 || September..| 1913
Harrisburg, I1l.

Jeffersor._County Traction Co. (Eastern | 1,200 7 || Building....J......

© Texas Electric Co.), Beaumont, Tex.

8t. Paul Southern blectrip Railway, 8t. | 1,200 5 | Building....]......
Paul, Minn. adt

Michigan United Traction Co., Jackson,Mich. %ggg zg lﬁ%d}iﬂg:::j e

Canadign Northern Railway, Montreal, | 2,400 14 || Building...J......
anada.

Canadian Pacific Railway, Rossland, British | 2,400 4 || Building....[....-.
Columbia.

All of the foregoing roads in service are operating
with the highest degree of success and no change of
type of equipment has been made or contemplated.

The elimination of the single-phase motor as being
unsuitable for the equipment of light electric railways
has an important bearing upon the selection of systems
for main line electrification. The limitations of the
single-phase motor that lead to its failure in the inter-
urban railway field do not appear to be lessened when
it 18 considered for locomotive equipment, with the
result that it is in use on but three of the twelve roads
that are truly representative of electrified steam roads
operating large electric locomotives.

There are other electrified steam lines, but the
service on them more nearly approaches that of high-
class electric interurban railways. There are also
interurban systems where electric locomotives of con-
siderable capacity are operated, but the class of service
on such systems does not approach the exacting de-
mands of main line passenger and freight operation.

The following table gives a list of converted steam
lines on which the service consists of hauling main line
passenger and freight trains behind electric locomo-
tives of large capacity. An asterisk preceding the
name of a road indicates that the work is under con-

_struction.
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Main Line BErecTrirroaTroN—UNITED STATES AND CANADA.

Type of Volt-
INSTALLATION. Year.| locomotiv “f' System. ) age.
St. Clair Tunnel....... 1908 | Geared........ Single-phase alternatmg. .. 8,800
New York, New Ha- | 1907 | Gearless....... Single-phiase alternating...| 11,000
ven & Hartford.
Hoosac Tunnel... ... 1911 | Geared........ Single-phase alternating...| 11,000
Cascade Tunmel....... 1909 | Geared........ Three—]}n]hase altematmg. ..| 6,600
*N orfolk & Western...| 1914 Geaﬁad side | Split-phase alternating. . 18, 500
10
Balti n} ore & Ohjo | 1895 | Geared........ Direct current......... e 600
unnel. ’
New York Central..... 1906 | Gearless....... Direct current........._.. 600
Detroit Tunnel........ 1910 | Geared........ Direct current............ 600
Pennsylvania Termi- | 1910 Gem('lless, side | Direct current............ 600
rod. )
Bti)tte, Anaconda & | 1913 | Geared........ Direct current............ 2,400
iy d
*Canadmn Northern...| 1914 | Geared........ Direct current............| 2,400
*Canadian Pacific... .. 1914 | Geared........ Direct current............| 2,400

It is a noteworthy fact that the use of the single-
phase motor has not extended beyond the two original
roads installing this- type of equipment, the Grand
Trunk and the New York, New Haven & Hartford
(including the Hoosac Tunnel installation), whereas
direct-current motors have been universally adopted
in all the more recent electrifications with the single
exception of the split-phase installation on the Norfolk
& Western Railway.

* The so-called “‘split-phase” system is comparatively -

a newcomer in the electric traction field, and it has
not yet been subjected to the test of actual operation.
It offers many attractive features, however, for heavy
electric railway service. From experimental tests
made, it seems reasonably certain that the split-phase
locomotive can meet the demands: of commercial
operation with satisfactory reliability.
Confronted with the problem of main line electrifi-
sation and the demand for & distributing system which
would provide for the economical distribution of large
units of power over an extended area, the Butte, Ana-
conda & Pacific Railway appreciated the need of
higher direct-current voltage, and as a result made its
first installation of 2,400 volts direct current, under
which. operation began on May 28, 1913. This instal-
lation marks an epoch in electric railway progress, as
its success constitutes substantial proof that direct-
current motor equipments can be constructed at a
reasonable cost and operated in an efficient and relia-
ble manner with trolley potentials as high as 2,400
volts. It has been characteristic of the installations
© operating at 1,200 and 1,500 volts that the reliability
of the dlrect—current motive power has been in no way
1mpau~ed by reason of using a higher trolley voltage;
in fact, the maintenance cost of 1,200-volt motor
equipments shows no increase over that of 600-volt
equipments. A brush life of over 150,000 miles gives
- evidence of good commutator performance with prac-
tically no wear, and the increased insulation provided
has been ample to insure reliability and low cost of
maintenance. The transition from 1,200 volts to 2,400
volts direct current has also resulted in completely
successful operation at this potential.
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- Norfolk & Western split-phase locomotives.—One of
the newest and latest departures is the equipment, by
the Norfolk & Western Railway, of a mountain division
for single-phase, or “split-phase,” logomotive opera-
tion. The locomotives handle freight trains of 3,250
tons’ weight, exclusive of the locomotive, at & speed of
14 miles per hour on a 2 per cent grade, and they will
be operated at speeds up to 28 miles per hour on -
lighter grades. Four locomotives will be used on the
heaviest grades, two in front and two at the rear of
each train. They are arranged for multiple-unit
operation in pairs, but no electrical connection will
exist between the two ends of the train. The motors
for these locomotives present a novel departure from
existing practice in design for traction purposes.
They are constructed without commutators, and
follow the principles .of the standard polyphase indue-
tion motor, retaining all the advantages in ruggedness
and absence of complication which are characteristic
of the latter type. As they utilize power which is
originally in single-phase form as received from the
overhead conductors, the current is passed through a
phase-splitting device before reaching the motors, so
that the equipment as a whole may be properly
described as of the single-phase-polyphase type.

In detil, the electrical equipment of each loco-
motive comprises four polyphase induction motors
of a total continuous rating of about 1,300 horsepowér
at 14 miles per hour. Each motor has windings for
producing either four or eight poles so that the speed
may be changed accordingly, and is equipped with a
wound secondary in order to provide for the insertion
of resistance and for connection in cascade for low
speed at starting and for switching service. There
are thus two running speeds, 28 and 14 miles per hour,
and a switching speed of 7 miles per hour.

The motors are geared in pairs through jack shafts,
cranks, and side rods to the driving wheels, the gear
ratio being 85:18, and the driving wheels 62 inches
in diameter. Hach pair of motors is mounted on a
truck “with two driving axles and a pony axle, the
latter carrying 30-inch wheels. The two trucks are
coupled together by a Mallet hinge.

The trolley voltage is 11,000, and the frequency 25
cycles per second. Part of the trolley wire is fed
direct from the 11,000-volt generator in the power
house at Bluefield and part through transformers
lowering the pressure from 33,000 volts, at which the
outlying parts of the line are supplied. On each loco-
motive is a single transformer stepping the voltage
down from 11,000 to approximately 750, provision
being made for a slight adjustment of the secondary
voltage. From this, secondary current passes through
8 rotating induction apparatus for transforming the
phase relation, provision being made for suitable ad-
justment for keeping the phase voltages balanced.
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The polyphase current then passes into the motors.
These, as previously stated, have wound secondaries
and slip rings arranged for cascade connection.

This type of induction motor, while quite unusual
in the traction field, has been very successful in differ-
ent forms in rolling-mill work and the like. It has
several important advantages in this case. In the first
place, the grades to be encountered are unusually
heavy, and regenerative control will be a considerable
advantage. This is true not so much on account of
the saving in power as from the consideration of
safety in descending grades. Incidentally, there will
undoubtedly be a considerable saving in wear of
brakeshoes and tires. In descending grades, the two
units composing the head locomotive will be connected
to pump their electrical energy back into the line and
they will be loaded to their full capacity. When other
trains are in the electric division, the saving will be
considerable, as this method will lighten the load on
the station and improve its load factor. When the
descending train is the only one on the line, the power
thus developed will be absorbed by rheostats in the
power plant.

The locomotives are the first to be commercially
used in this country with a combined jackshaft and
gear drive. Four driving axles and two carrying
axles are used, the wheel base being divided into two
separate units or trucks, connected at adjacent ends
by a hinge coupling. The carrying axles are mounted
radially, and each main truck has two driving axles
and one radial axle. The outer ends of the trucks are
fitted with standard buffers and friction draft gear
with standard couplers, the drawbar pull being trans-
mitted through the truck frames to the train. The
weight does not exceed 57,000 pounds per pair of driv-
ers and is sufficient to produce a tractive adhesion for
a maximum effort of 62,500 pounds per locomotive,
. the weight on each radial axle being not less than
20,000 pounds at the rails. The locomotive will, with
forced ventilation, have sufficient capacity to exert
continuously a tractive effort of 33,600 pounds.

A single cab supported on the trucks at suitable
bearing - points contains the operating and control
apparatus of the locomotive. The cab is of the box
form, provided with end doors and platforms for con-
venient passage between two or more locomotives
when coupled together, and between the locomotive
and train; in addition, side doors are provided at
diagonally opposite corners. There are also side and
end windows for lighting the cab. The apparatus is
arranged along the center of the cab, making it con-
veniently accessible and leaving a clear, unobstructed
passageway at either side.

The control apparatus, both air and electric, is
located at one end of the cab; in such a manner as to
leave an unobstructed view along the track. The
operator’s seat is placed so that there is a clear view
of the signals.

_STREET AND ELECTRIC RAILWAYS.

The motors are connected through twin gearing to
a jackshaft. They are of the polyphase, 25-cycle,
induction type with wound secondaries, which are
connected in cascade for producing low speed in start-
ing and switching. There are, as noted, two running
speeds, 28 and 14 miles per hour, and a switching speed
of 7 miles per hour. In starting with the 7-mile com-
bination, the motors on each truck are connected in
cascade, and the two sets of cascades are connected in

parallel. Resistance is inserted in the secondaries at
starting. In this combination the primaries are ar-
ranged for eight poles. With the 14-mile combination

all motors are in parallel, connected for eight poles; and
with the 28-mile combination the four-pole arrange-
ment is employed, resistance being used on inter-
mediate steps.

A multiple-unit system of control is provided for the
independent operation of each locomotive, or for the
operation of two units simultaneously from the con-
trol end of either, in whatever order or arrangement,
they may be coupled together. The control equipment
is arranged and constructed to provide for the use of
single-phase current from the pantograph trolley,
which is connected to the primary winding of the
main transformer through a suitable line switch,
while from the secondary of the transformer, circuits
are established through and in ‘connection with the
phase converter in such a manner as to deliver poly-
phase current to the main motors.

Each locomotive is provided with an air compressor
driven from the phase converter through a multiple-
disk friction clutch. This clutch is contro]led by the
main reservoir pressure, so that the compressor is
operated only asrequired. Straight-air and automatic
air brakes are installed, together with the neoessary
ventilating apparatus for the motors.

The use of the induction motor in place of the com-
mutator motor for this installation involves an im-
portant consideration, in addition to those mentioned,
namely, that of cost. On account of the space limi-
tations combined with the particular speed specified,
the induction motor worked out cheaper than the com-
mutator motor. The space limitations dictated a long
motor, small in diameter, and although a commutator
motor would have been entirely practicable it would
have been more expensive than the induction motor at
the low speed required. At a somewhat higher speed
the condition might have been reversed. Hence a
decision between the two types must be based, not upon
their operating characteristics alone, but upon these
combined with cost under space limitations.

The contract calls for the manufacture and dehvery
of 26 130-ton electric locomotives of the single-phase-
polyphase type, together with all required power-
house generating machinery and transmission appa-
ratus. The use of the two running speeds of 14 miles
per hour and 28 miles per hour, which will be to a
large degree maintained very closely, will under the
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circumstances existing in this case be particularly
applicable for the service, as the locomotives are
“intended for handling only “tonnage trains.” These
are loaded with coal originating in the vicinity, as the
Bluefield-Vivian division serves the celebrated Poca-
hontas coal region, one of the largest coal fields in the
world. The shipments of coal handled amount to
65,000 tons per day, and the trains weigh as much as
3,250 tons; and it is to facilitate the handling of this
heavy traffic that electrical operation has been adopted.
As mentioned before, there are a number of grades
on. this section, the maximum being 2 per cent, and
three Mallet locomotives, the most powerful type of
steam locomotives built, have been required for each
train, one locomotive being used at the head of the train
and two for pushing. With the electric system and the
present steam speed will be doubled. The extent to
which this quick train movement will enlarge the ca-
pacity of the railroad is quite apparent. In addition,
one of the present impediments to rapid operation of
this section of the road is the existence of a 3,100-foot
tunnel which is difficult to ventilate. This tunnel under

electric operation will, of course, owing to the absence

of smoke and noxious gases, offer no impediment to
frequent train movement.

Larger locomotives for New York Central.—The num-
ber of electric locomotives in use on the New York Cen-
tral Railroad has steadily increased, 16 having been
purchased in 1913. Those of the latest type are the
largest, weighing 110 tons, with materially increased
cepacity for continuous service. The weight of trains
hauled out of the Grand Central Terminal, New York
City, is increasing steadily, and some of the more impor-
tent trains now weigh over 1,000 tons. It has therefore
been deemed desirable to have engines for the max-
imum service with very great continuous capacity,
ample overload, and high momentary rating. - The new
locomotives are able to exert practically the same
tractive effort continuously that the previous loco-
motives could exert for one hour. The 10-ton increase
in weight in the new machines is accounted for mainly

by the greater amount of material in the motors, which
are of larger capacity. Thespeed and torque character-
istics, however, have been kept practically the same, but
capacity has been provided for hauling approximately
40 per cent greater tonnage in continuous service.
The previous 100-ton locomotives have a capacity for
developing 1,460 horsepower continuously and 2,000
horsepower or one hour, and can develop as high as
5,000 horsepower for short periods. This corresponds
to a tractive effort of 9,000 pounds at 60 miles per
hour continuously, or 13,500 pounds at 54 miles per
hour at the one-hour rating. The newest engines
develop 2,000 horsepower continuously, or 2,600 horse-
power for one hour. The equivalent tractive effort is
14,000 pounds at 54 miles per hour continuously, or
20,000 pounds at 49 miles per hour at the one-hour
rating. They are able to haul 1,100-ton trains in con-
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tinuous service between the terminal and Harmon, on
the Hudson River, and are capable of operating 1,200-
ton trains on level tangent track continuously at 60
miles per hour in emergency service.

The new machines are of identically the same type
as the ten 100-ton locomotives bought earlier in the
year, having articulated frames with bogie guiding
trucks at each end. The cab, containing the engineer’s
compartment and that for the operating mechanism,
is swung between the two parts of the frame on center
pins. Eachsectionis carried on two-axle trucks having
a driving motor mounted on each axle. All the axles
are therefore driving axles, and the eight motors are
of the standard bipolar gearless type.

The motors are provided with forced-air ventilation
and are electrically connected permanently in parallel
in pairs, the pairs being connected in three combina-
tions, namely, series, series-parallel, and parallel.
They are insulated for 1,200 volts, so that if at any
future time it should be desired to operate the loco-
motive on this higher voltage the pairs of motors
could be changed from parallel to series connections
and the same speeds and control combinations ob-
tained as on 600 volts. Compared with previous
types these machines have exceptionally large capacity
and high efficiency, but the total weight, weight per
driving axle, and ““dead weight’’ are exceedingly low.

New Haven switching locomotives.—Approximately
8,000,000 people are served directly by the New York,
New Haven & Hartford Railroad. Of all freight
hauled in and out of New England by rail, this road
handles 75 per cent. - The bulk of this freight handled
at New York is carried via the Harlem River division
and the Harlem River and Westchester freight and
transfer yards. Although the electrification of the
New Haven road between New York and New Haven
is not yet complete, the switching of all freight cars be-
tween Stamford and the Harlem River has been done
successfully by electricity since 1912. The economies
obtained by the use of the electric switch locomotives
have exceeded all the expectations of those who are
responsible for their adoption, and their operation
is a source of satisfaction to the operating department
and trainmen who have this work in charge.!

The three main switching yards on the New Haven
System are the Harlem River yard, with a Jength of
23.3 miles; the Oak Point yard, with a length of 37.16
miles; and the Westchester yard, with a length of
22.29 miles; also the Van Nest yards, which are used
for storage only.

In March, 1911, the first switching engine was
placed in operation at Stamford, Conn. In August,
1912, the first switcher started to work in the West-
chester yards; in September, 1912, the first in the
Oak Point yards began work in float-dock service;
and in August, 1913, the first began its operation in
the Harlem River yards proper.

! Blectric Traction, March, 1914.
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The service performed by these locomotives in the
Oak Point yard is of special interest. This is the
terminal where all the cars on floats destined to the
New England states are unloaded.

On account of the care required to keep a float
from capsizing, it requires six movements to unload
it and dispatch a train to the yard; also, six move-
ments are necessary to load a float. The minimum
time required to load and unload (12 movements)
is 35 minutes.
do the work of approximately twice the number of
steam locomotives formerly used. A total of eight
of these electric locomotives are sufficient for practi-
cally all of the switching work between Stamford and
Harlem River Station. These are kept in service 24
hours a day, each making an average of approximately
140 miles in 24 hours with three 8-hour crew shifts.
The six electric locomotives handling the work be-
tween Westchester yard and Harlem River during one
month madé 38,000 locomotive miles, consumed
approximately 896,000 kilowatt hours of electrical
energy at the locomotive, and handled approximately
65,000 cars which had a total weight estimated at
approximately 1,000,000 tons. Practically all of these
cars were transferred from floats. All of the heavy
freight tonnage mentioned above is handled within
the corporate limits of New York City, and the elimi-
nation of smoke by the use of the electric locomotive
is another a,dvantage which has aspecml interest to
all residents in the vicinity.

There are 16 switching locomotives included in this
installation. Each locomotive is equipped with four
125-horsepower, ‘25-cycle, single-phase motors with
unit switch control. They weigh 80 tons and are able
to exert a maximum tractive effort of 40,000 pounds
with a clean, dry rail. The locomotives can exert a
maximum tractive effort of 36,000 pounds for about
three minutes at speeds up to 6 miles per hour, and a
continuous tractive effort of 14,800 pounds at a speed
of 114 miles per hour. In practice it has been found
that an electric switching locomotive can do the work
of two steam locomotives because it can be operated
both day and night. Tn fact, the first switching loco-
motive-furnished has been in use for about 20 hours s
day in the yards at Stamford. It is not expected
. that the maximum voltage on the motors will be
reached in ordinary switching service, but it is avail-
able when climbing grades or on longer rums in the
yards. The average operating potential is estimated
to be 190 volts. The hour rating corresponding to
this voltage, with current of 900 amperes, is approxi-
mately 125 horsepower per motor.

Arrangements have been made for a large brld(re,
known as the interconnecting railroad bridge, between
Harlem River and Long Island City, which will physi-
cally connect the Pennsylvama and New Haven sys-
tems. Electricity as a motive power will be used

entirely for handling all traffic over this bridge.

‘service.
Six single-phase electric locomotives

STREET AND ELECTRIC RAILWAYS.

Piedmont & Northern 1,600-volt locomotives.—The
Piedmont & Northern lines, Charlotte, N. C., are plac-
ing in commission six new 1,500-volt, direct-current,
electric locomotives on the Greenville, Spartanburg &
Anderson division of the system. These locomotives
weigh 63} tons, with all the weight on the drivers, have
the box type of cab extending nearly the entire length
of the underframe, and are designed for heavy freight
At the normal rating of the four motors,
with which each locomotive is equipped, operated on
1,500 volts, two in series, they can develop a tractive
eﬂort of 17,5600 pounds and a speed of 21 miles per
bour. The locomotives handle trains of 800 to 1,000
tons, gross weight.

The Piedmont & Northern lines comprise two main
divisions, which, when entirely completed, will em-

- brace 280 miles of track. All these lines operate on

1,500 volts direct current.  Energy is purchased from
the Southern Power Co., and is delivered from the
transmission lines to two substations for the Piedmont
Traction Co. On the southern division of the road
there are four substations. The lines have a very
heavy freight traffic and transport great quantities of
cotton from shipping points to mills along the route,
and, in turn, fabric from the mills to connecting sta—
tions for distribution to distant markets.

In these locomotives the cab is open as far as is
consistent with the location of the apparatus therein.
While this apparatus is grouped in the central section,
it is not located .in a compartment separate from
the engineman’s operating cabs. Convenient passage-
ways run along the sides and connect with the oper-
ating position in each end. The underframe consists
of four 10-inch steel channels extending the entire
length of the platform. These channels are tied to-
gether by heavy end-frame box-girder castings and
bolster plates, each channel being riveted to the webs

“of the end-frame castings and to the top and bottom

bolster plates. The bolsters are built up of 18-inch by
1-inch plates, the top bolsters being carried clear across
the platform and riveted to all four longitudinal sills.
The two center channels are inclosed throughout with
steel plates riveted to the sills and carrying the center
castings, which are bolted to them. The space be-
tween the center sills serves as a reservoir for distrib-
uting air from the blowers to the motors. Openings in
the floor of this reservoir admit air from it through
suitable intake pipes to the backs of the motors. ‘

The two four-wheel trucks of the swivel type are de-

- signed for heavy freight work, and conform to M. C. B.

standards. ‘The wheels are solid rolled steel, 36-inch
diameter, and the axles have 54-inch by 10-inch jour-
nals. The air brakes are the combined stralo'ht and
automatic type.

The locomotive is driven by four 600/1,200-volt
box-frame commutating-pole motors, insulated for op-
eration at 1,500 volts. Each motor is geared to an
axle. The gear ratio is 65 : 18, making the gear reduc-
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tion 3.61. The continuous capacity of each motor is
200 amperes under forced ventilation, and the one-hour
capacity is 269 amperes. For the complete equipment
of four motors on a locomotive this is equivalent to a
continuously sustained tractive effort of 11,200 pounds
at the rail. The motor is inclosed and is designed es-
pecially for locomotive service. Through the method
of forced ventilation employed, air is circulated over
the armature and field coils, over and through the
commutator, through longitudinal holes in the arma-
ture core, and thence exhausted through openings in
the bearing head.

The multiple-unit control is arranged to operate the

four motors in series and serles—parallel connections.
The transition between series and series-parallel is
effected without opening the motor circuit, and there is
no appreciable reduction in tractive eﬁort during the
change. This smooth transition between control
pomts permits operating the motors close to the slip-
ping point of the wheels throughout the entire range of
acceleration without sudden fluctuations of tractlve
effort.

One of the distinctive features is the convenient
manner in which the apparatus is arranged in the
central section of the cab so as to afford ready access to
all parts for inspection, cleaning, adjustment, or
repair. The main motor rheostat boxes are mounted
in banksin an inclosed sheet-steel compartment in the
cab center. This compartment extends from the floor
to the roof and is accessible through doors opening
into the passageways on the sides. The floor in the
compartment is open, and it is surmounted by an open
monitor deck. Thus there is a continuous draft of air
rushing up through the compartment while the loco-
motive is running, affording exceptionally good ven-
tilation.

The blower set for ventilating the motors has a capac-
ity of 2,000 cubic feet per minute, and is driven by a
series-wound motor of the railway type. Air is taken
from the exterior through a suction box with side
louvers underneath the platform at the center. Cur-
rent at 600 volts for the operation of the blower,
the air compressors, the contactors, and the light is
furnished from a tap taken from the dynamotor.

Current is collected by an. overhead pantograph
trolley pneumatically controlled. On some of the
ocal lines which form the system the overhead con-
struction is not adapted for the pantograph trolley,
and in order to operate over such lines the locomotives
are equipped also with pole-type trolleys and trolley
wheels. Some of these local lines are operated on 600

volts, and in some cases as low as 500 volts, direct cur- -

rent. A change-over switch is installed for cutting out
the dynamotor while the locomotive is operating on
low-voltage circuits, so that in such cases the current
for the auxiliary control and supply circuits is obtained
direct from the trolley circuit. This change-over
switch is protected by an automatic relay, which makes
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it impossible to connect the 1,500-volt trolley current
to the auxiliary circuits of the locomotive.

. Results in electric locomotive operation.—With regard
to results obtained under electrification, Mr. E. B.
Katte, chief engineer for electric traction, Néw York -
Central Railroad, stated at the meeting of the New York
Railroad Club, March 20, 1913, that at that time the
Hudson division was operating 56 trains a day, equiva~
lent to 7,000 multiple-unit car-miles, and the Harlem
division was operating 72 trains a day, equivalent to
7,800 multiple-unit car-miles. The average number of
trains which operated in and out of the Grand Central
Terminal was 525 a day. A new record for reliability
had been made as compared with preceding years,
namely, the electric locomotives had operated 4,709
miles and the multiple-unit suburban cars 10,798 miles
for each minute of detention due to electrical causes.
Likewise, the multiple-unit cars had operated 12,374
miles per minute of detention due to mechanical causes.
The average number of miles of operation per minute

_of detention on the whole electrical division due to all

clectrical and mechanical causes, including line trouble,
ete., was 4,861 in 1912, 1,200 in 1911, and 1,785 in
1910. A table, which classified all detention troubles
and mileages for every month of 1912, showed that
the company operated 1,351,577 locomotive-miles and

4,297,633 multiple-unit-miles. The electric locomo-

tives and multiple-unit cars had been in operation for
more than six years. During 1912 the maintenance
and renewal cost of the locomotives, including shop
expenses, painting, etc., was 3.34 cents per mile, com-
pared with 3.2 cents in 1910 and 3.08 cents in 1911,
making the general average, say, 3.33 cents. Similarly,
the maintenance and renewal cost of the multiple-unit
cars was 1.8 cents per car-milein 1912, 2.1 centsin 1911,
and 1.9 cents in 1910, but Mr. Katte estimated that the
average cost would run about 2 cents per car-mile.

GENERAL FEATURES OF RAILWAY MOTOR IMPROVEMENT.

It is, of course, extremely difficult to enumerate and
sum up all the improvements which, step by step, have
brought the electric railway motor up to its present
condition of efficiency and durability, but an excellent
summary has been made by Mr. W. N. Storer. The evo-
lution of the modern railway motor began in the early
eighties and is practically all confined to a period of 30
years, which may be divided into about five stages, as
follows: First, the period embracing the experiments
of the early.inventors, such as Field, Henry, Daft, Edi-
son, Van Depoele, Farmer, Bentley, Knight, Short, and
Sprague; second, the period covering the exploitation
of the double-reduction motor between the years 1886
and 1891; third, the period from 1891 to 1907, covering
the development of the single-reduction motor of the
straight-series type; fourth the period. from 1907 to
1911, covering the development of the commutating-
pole motor; fifth, the period beginning in 1911, not yet
completed, covering the era of economy in operation.
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The motors at the end of the third stage may be said
to have had embodied in them practicaﬂy all of the
improvements which had been developed prior to that
time, and the following features are now common to all
railway motors: Inclosed type with cast-steel frames;
four laminated radial pole pieces bolted into the frame;
mummified strap-wound field coils insulated with
asbestos paper between adjacent turns, the entire coil
impregnated in a vacuum; large armature shafts car-

ried in bearing housings extending inside of the arma-

ture at the pinion end and inside the commutator at
the front end; bearings well lubricated by the use of
oil-soaked waste; separate oil wells for gauging the
depth of oil a,nd for receiving fresh oil; efficient oil
throwers as a preven‘olve of the oil reachmg the inte-
rior of the motor; spring packing of field coils to coun-
teract the effect of shrinking insulation, and thus pre-
vent loosening; improved methods of holding motor
leads to prevent vibration and breaking; two-point
suspension of gear cases; commutator cover with sim-
ple and reliable cam—lockmg device; slotted drum-
wound armature; ventilated armature; form-wound
armature coils assembled in sets of three coils each;
armature core and commutator assembled on the
spider; armature bands laid in grooves in the armature
coil; coils protected by asbestos hoods on the commu-
tator end; high-grade insulation commutators with
mica extending beyond the copper, both on the inside
of the commutator and at the end next to the windings,
to prevent short circuits ; improved brush holders with
high-grade insulating tubes protected by brass shells
where clamped and by porcelain sleeves to give creep-
age surface; brush holders with adjustable tension and
frictionless springs; high-grade carbon brushes; and
many- other small details which contribute to the suc-
cess of the motor but can scarcely be enumerated.

The inclosed type of motor resulted from the large
amount of trouble experienced from mud and water
splashing into the early types and causing their insula-
tion to break down. The use of the four radial poles
followed the attempt to get the most compact as well
as the lightest design for street-car motors.

Laminated pole pieces were introduced to decrease
the loss from eddy currents in the pole faces; which;
with the high inductions introduced with the slotted

- armature and small air gaps, increased greatly the
total loss in the motor. Later the generator practice
of saturating the pole tips by cutting off alternate pole

+ tips from the punchings was introduced.

The use of mummified strap-wound field coils with
asbestos insulation has become practically universal,
and the use of round wire is permitted only on the
smallest sizes of motors, where no gain is secured by
the use of the flat copper ribbon. This type of field
coil has been a wonderful improvement over the earlier
types. With heat-proof insulation in the interior of
the coil, it is able to withstand a much higher tem-
perature, and the external insulation, which is com-
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pletely filled with varnish; ete., makes it practically
waterproof as well. Some motors had field coils of
copper ribbon, insulated with asbestos between turns.
They were; however, wound in metal bobbin shells or
spools and could not be wound tight enough to pre-
vent the chafing of insulation and grounding. The
mummified construction eliminated this trouble and
has made a solid coil which, when, used with the spring
packing; is held perfectly tight. The use of springs
back of the field coils to insure their being held firmly
at all times has been a great imprcvement in the
motors. It prevents the breaking of leads and chafing
of insulation, which would result in grounded field coils.

Probably no improvement has been more marked
or has done more to keep the motor cars out of the
repair shop than the introduction of the standard
type of bearing housing and method of lubrication.
With the 0ld grease lubrication it was no uncommon
thing for armature bearing shells to be replaced after
3,000 miles of service. The life of the bearing on the
motor may now be almost anything up to 300,000
or 400,000 miles. This extraordinary result is due to
the excellent design of the bearing, which has the
waste packed against the shaft on the low-pressure
side; with the pressure of a column of waste over it,
the oil being fed from below, coming from the well,
which may be gauged at any time to see that the oil
is kept at the proper level. This type of bearing has
been universally adopted. It is scarcely necessary to
add oil to the bearings more than once a month, so
that not only is the cost of lubrication reduced to a
negligible quantity, but the cost of maintaining the
bearings and the loss due to the armature getting
down on the pole piecces, which was a fruitful source
of expense with the old bearings, have been practically
eliminated.

The modern armature is a very different piece of
apparatus from that of 20 or 25 years ago. Then either
the armatures were hand wound or the coils were
wound on a form and driven down. on, the ends of the
armature with a mallet in the process of winding
them. The evolution from that type to the one used
at present has been gradual. Some early motors had
only one armature coil per slot; others had two coils
per slot or three coils per slot. A later motor intro-
duced the barrel-shaped armature winding with the
ends left open, to provide civculation of air through the
coils, and another had form-wound coils with sloping
ends bound firmly on them. The modern type has
the coils projecting straight out, banded to the coil
support, and completely covered with canvas or as-
bestos cloth caps. The asbestos hoods on the front ends
of the armature windings were introduced to prevent
the damage incident to flashing, which may occur from
any cause and is liable to set fire to a canvas covering.

The modern brush holders are a great improvement
over the earlier form not only in accuracy of adjust-
ment but in simplicity of insulation, substantialness
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of design, and the use of adjustable frictionless springs.

Sluggish brush holders and inaccurate adjustments

used to be fruitful sources of bad commutation and
flashing, but have been almost entirely eliminated.

Another improvement introduced was the use of
longitudinal holes through the armature core, that
served the double purpose of providing paths for cir-
culation of air and of “saturating” the iron beneath
the armature slots, with thereby improved commuta~
tion. Thesaturation has been largely abandoned on
later motors, but the air ducts are continued.

Another improvement for small motors is the arma-
ture spider, which carries not only the armature core
but the commutator and thus permits the easiest
possible renewal of bent or broken armature shafts.
It also stiffens up the shaft- in the spider, gives a
much larger diameter for carrying the armature punch-
ings, and holds them tighter. There is less possibility
of relative motion between. the armature core and the
commutator; as both are keyed to comparatively large
diameters on the same spider.

Coming at a time when the straight-series motor had
thus reached a high state of perfection, the commutat-
ing-pole motor introduced in 1907-8 was an immediate
and unqualified success. It had the benefit of all of
the experience gained in the design and operation of
the earlier motors and; added to that, the use of the
commutating pole, which eliminated the last serious ob-
jection to the direct-current street-car motor, namely,
the troubles incident to the commutation of the cur-
rent. However, the commutating pole wasnot the only
newfeature. Intensive study of thesubject led tostiil
further minor improvements in the motors, and some
very valuable features were introduced. Among them
was the two-turn strap-wound coil, which was a tri-
umph in the art of armature winding. The method
of forming the coils used in this motor obviates all
of the difficulties which had previously been experi-
enced with that type of coil. Tt gives increased effi-
ciency, larger capacity, better insulation, and more sub-
stantial construction than the ordinary wire winding.

The high-grade carbon brushes which came into ex-
tensive use about the same time, the undercutting of
the mica on the commutator surface, and the sparkless
commutation due to the commutating pole have prac-
tically eliminated wear on the commutator and greatly
increased the life of the brushes. The amount of car-
bon and copper dust originating in the motor, which
would tend to reduce the efficiency of the insulating
surfaces, is therefore very small. This feature is of the
utmost importance in the motor to be used on high-
voltage circuits and greatly increases its reliability.
Without it the high-voltage motor would have been a
difficult, if not a commercially impossible, problem.
With it the modern motor operates better on 1,500-
volt circuits than the old motor did on 600 volts.

Mzr. Storer discusses other elements of improvement,
notably those involved in the attempt to reduce the

weight, and holds that in general it is dangerous to make
radical reductions in the weight of railway motors.
The motors built 10 years ago were lighter in weight
than the standard motors of to-day, but they were not
nearly so reliable. For instance, a reduction in the
size of armature shafts, which have been brought to
their present generous proportions by years of hard
experience, even though accompanied by the use of
heat-treated material, is dangerous. Heat-treated ma-
terials have not yet reached the stage where they can"
be considered as standard, and until the methods of
heat treating steel are much better understood by
the general run of manufacturers and it is possible to
obtain more uniform results by such treatment, it is
better to make shafts strong enough to stand the serv-
ice required of them without a resort to heat treatment.

The use of a coasting-time clock and of similar de-
vices has drawn attention to the tremendous waste of
power due to inefficient handling of equipment. It is
said that the coasting-time clock, by putting & premium
on rapid acceleration and on the maximum amount of
coasting, has resulted in a saving of power consump-
tion in some places of 20 per cent to 25 per cent, or
even more. REfficient handling of the cars may in some
cases result in s0 much less heating in the motors as to
permit the use of a smaller size of motor, which will
thus effect a reduction in weight without a decrease in
mechanical strength.

Another method for reducing the weight of the
equipment is the use of ventilated motors. For some
years past the use of forced ventilation has been com-
mon on locomotive motors, and some motors for street-
car service as well. The motors on the Long Isand
Railroad have, for example, been operated for several
years with forced ventilation secured by the use of
small motor-driven blowers. The circulation of the
external air through the internal parts of the motor is
very effective in carrying off heat and increases very
largely the continuous capacity of the motor. The
same result may be brought about by the use of per-
forated covers on the motor or of a fan on the arma-
ture shaft arranged so as to draw air through all parts
of the motor. Either method is very effective and is
quite satisfactory where the dust and dirt do not offer
a serious obstacle.

Undoubtedly the most positive power saver which
has been introduced with the interpole motors in the
last two years is field control. This, as is well known,
is simply a revival of the old control system, used in
some of the earliest railway motors. The early
double-reduction motor made the most extensive use
of this, since the control was entively by commutating
the field, and employed no external resistance at all.
It was used to a greater or less degree in these
motors and in one or two of the single-reduction
motors as well. However, the commutation with
slotted armatures was not good enough, and the
points involved in the selection of equipments and the
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operation of motors were not well enough understood
‘at that time to make the system a success. It was
dropped nearly 20 years ago and was not revived to any
great extent until it was applied on the locomotives of
the New York, New Haven & Hartford Railroad in
1906 and 1907. These had single-phase motors of the
series-compensated type, which permitted a wide range
of variation in the field strength without impairment of
the commutation. The system in this instance worked

" with marked success. . Itslater application to the com-
mutating-pole motors on. the giant Pennsylvania loco-
motives used for the New York terminal was also. an
entire success, so that the engineers of the company
which had furnished both. of these types of locomotives
wore satisfled that this system of control could be used
safely with any size of motor. The trial equipment
placed in service on the Metropolitan Street Railway
in New York City nearly two years ago met with just as
great success as that of thelocomotives, and the decrease
in the energy consumption of this car equipment as
compared with the standard type of equipment in use
was quite remarkable. A motor of very slow speed was
used, and the resistance was normally cut out of cir-
cuit before the car reached a speed of 8 miles per hour.
Higher speeds were obtained by weakening the fields
of the motors. The maximum speed obtained was
hardly as high as that of the standard equipment, so
that a part of the saving of power resulted from the
lower speed, but the larger part of it was undoubtedly
due to the use of field control.

PASSENGER TRAFFIC AND FARES.

The subject of fares is obviously one of vital impor-
tance to every street and electric railway, as upon
the income derived from transportation depend the
welfare and prosperity of the line, the ability to give
good service, the proper upkeep of the system in all
its physical details, the payment of wages acceptable
to the employees, the increase of facilities for the public,
and the introduction of improvements. Even if some
of these requirements and other financial necessities are
met out of new capital, it is not possible to enlist that
capital unless it can be shown that the existing invest-
ment enjoys a fair return; so that it all comes back to
rates and fares. In practically all instances the fares
now in existence are fixed by franchise, by agreement
with the municipality, or by valuation of the property,
“but the elements and bases, in fact the very principles,
referred to in determining rates and fares, remain a
subject of constant discussion and experiment. Vari-
ous aspects of the problem are presented in the reports

made at Chicago in October, 1912, to the American

Electric .Railway Association by the committee on
determining the proper basis of rates and fares, which
reached at least one definite conclusion, as follows:

“In a business such as that of electric railways where |

approximately 33% per cent to 40 per cent of the
traffic is handled within 3 to 5 hours out of the 24,
this representing practically the lowest load factor of
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any public utility, and where the cost of living and
consequent wages paid are increasing by leaps and
bounds, it is essential that the present 5-cent fare be
limited in distance, and for the street railways of
$5,000,000 annual gross earnings and less it is apparent
that the length of ride should not be over 4 miles.””

A separate report by a member of the committee,
Mr. Henry G. Bradlee, presented data as to the con-
ditions under which roads could be operated with
reasonable profit and return on the investment, assum-
ing 3 per cent for all wear and tear, 1} per cent for
taxes, and an average of 8 per cent on the securities,
niaking 12% per cent net that must be earned to pro-
vide for obsolescence and depreciation, pay taxes, and
attract capital to an industry in which the investment
needed doubles on the average once in seven years, in
order that towns and cities may be adequately served.
The data available, however, would indicate that there
are very few street railways in the country paying 8
per cent dividends and setting aside 3 per cent for
depreciation, etc., as they do not earn it under present
conditions. The table based on actual conditions as
reported and analyzed by Mr. Bradlee is given here-
with. From the reports made it appeared that only
in the larger cities could 25 5-cent-fare passengers
per half trip be counted upon. This would make the
maximum receipts per half trip $1.25, which would be
the limiting factor in determining the distance over
which the car could be profitably operated. It would
appear from the table that even in the larger cities a
distance of from 3% to 4 miles for a 5-cent fare is the
maximum length of trip per passenger for profitable
operation. As a matter of fact, there are a considera-
ble number of large cities where the length of ride
would average over this.

TABLE SHOWING InvestMENT, OPERATING EXPENSES, ETC., FOR
90 SELECTED ELECTRIC RATLWAYS.

. . Number of | Maximum
m?:;%%gm C;g;gsésigsg passengets length half
COMPANY. per dollar | per car~ | D balf | trips for
of gross mile 101(.1511(1 tItlI) Pro; t%ble
-cen operation
receipts: (cents). Tare). ‘miles).
Annual gross receipts more than
81 000,
$3.15 14.96 22.40 4.54
3.25 18.33 22.80 3.69
4.40 18.50 25.40 3.00
4.00 19.60 24.40 3.11
3.30 16.30 17.00 3.06
3.90 19.00 15.60 2.10
5.55 19.90 22.20 1.71 -
fo| 15| areo 5.4
Annual gross receipts more than
$750,000 and less than $1,000,000:
A 3.00 18,40 13.20 2.24
Annual gross receipts more than
3500,000 and Jess than $750,000; .
........................... 3.90 18.30 14.40 2.02
B ........................... 3.00 12.60 13.00 3.22
Annual gross receipts more than
$2a0,000 and less than $500,000:
........................... 3.8 18.60 15.30 2.18
B ........................... 4.40 12.00° 13.40 2.51
[ 4.20 13.70 8.70 1.51
5 2 4.40 13.70 7.40 21
Annual gross receipts less than
$250,000:
A 3,70 17.70 19,00 2.88
B 4.50 15.20 17.00 2,44
G e 3.70 14.80 12.60 2,28
5 4.2 12.70 6.60 1.23
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Mr. Bradlee stated that the figures derived would
indicate quite clearly that urban street railway lines
exceeding 4 miles in length must be a burden to the
company rather than a source of profit, if operated for
a 5-cent fare, and that an additional charge should be
made on all lengths of haul exceeding 4 miles if the
roads would earn a sufficient return to meet the higher
expenses of operation and attract the new capital ve-
* quired for the extension of the industry.

Mr. Frank R. Ford, another member of this com--

mittee, filed a valuable memorandum as to existing
rates and fares within the metropolitan areas of New
York, Chicago, Boston, and Philadelphia. It summed
up the general conditions existing at the end of 1912 in
these four great cities. . The metropolitan area of each
of these cities has been assumed as that embraced
. within a circle of 16 miles radius, the center of which
is located at the city hall, thus including 804 square
miles, or 514,820 acres.

The Umted States census of 1910 showed a popula-
tion for these metropolitan areas of a,pprommately the
following:

B ) S 6,198, 440
L0151 o T 2, 339, 090
Philadelphia....ooermmmmii i 1, 940, 833
BOBEOT. - ee e e 1,572,079

Total of four cities............o. ... ... 12, 050, 442

The magnitude of the electric railway interests of
these four metropolitan cities is apparent when it is
realized that they serve approximately one-third of
the total population of urban localities of 8,000 in-
habitants or more in the United States, represent a
capitalization of approximately $1,250,000,000, and
have gross revenues of over $200,000,000, equivalent
to one-third of those of all the electric railways of
the United States.

The urban and suburban passenger traffic of these

cities is transported almost entirely by three systems:"

(@) Surface electric railways, (b) rapid transit systems
of subway or elevated railroads, (¢) steam railro ads (n
some cases electrified).

In New York City the rapid transit systems of ele-
vated and subway lines carry a larger proportion of
urban passengers than in any other American city,
thenumber of such passengers carried by these systems
" in Greater New York in 1910 being 768,122,000, as
compared with 763,140,000 on the electric surface lines,
or about 50 per cent of the total. In Philadelphia,
where the proportion of subway and elevated railroad
mileage is the smallest for these four cities; approxi-
mately 8 per cent of the electric railway passengers in
1910 traveled on the subway and elevated line and 92
per cent on the surface railways.

The proportionate passenger traffic handled by the
steam railroads is small as compared with that of the
electric railways. In Philadelphia, for instance, where
steam suburban railroads are noted as being among
the best in American cities and where other rapid-
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transit facilities are limited, the total number of

_passengers carried in one day in 1910 was equal to

less than 6 per cent of the number carried by the local
electric railway system.

New York fare limits of  electric” surface lines. —In
wetropolitan New York the surface electric lines are
divided geographically by the rivers into one principal
system for Brooklyn, two for Manhattan and The
Bronx, and one for New Jersey, with a few smaller in-
dependent companies on the outskirts. The rates of -
fare have been determined largely by the original
franchises, which were based on early political bound-
aries. The 5-cent rate of fare for Manhattan Borough
gives a maximum ride of 13.41 miles from the city hall
to the northern limit. Similarly, the 5-cent rate from
the Manhattan side of the Hast River bridges carries
to practically any part of the bmlt—up district of
Brooklyn and Queens.

In the Borough of The Bronx, the next 5-cent zone,
making a 10-cent limit from the city hall, extends be-
yond the 16-mile civcle, and this is also the case for the
central part of Long Island, although on its north and
south shorés the limits of the circle run from 15 cents
to 20 cents from the city hall. In Staten Island (Rich-
mond Borough) and in New Jersey, because of the
disconnected locations of the various communities, the
16-mile circle practically coincides with the 20-cent
limit if 5 cents for the Hudson River tunnel fare be
included.

Thus the maximum vide to the edge of the metro-
politan district varies from 0.6 cent per mile in Greater
New York to 1% cents in New Jersey. In other words,
to the north and east of the city hall, where the traffic
is densest and the municipal boundaries are most ex-
tended, the rate per mile is approximately one-half the
rate to the west and south.

Chicago fares.—In Chicago the traction settlement of
1907 imposed a 5-cent fare to the city limits on lines of
the two large street railway gystems. This limit is
approximately 10 miles to the south, west, and north of
the business center, giving a maximum ride at approx-
irmately one-half cent per mile. Beyond this limit the
next 5-cent zone or 10-cent limit from the city hall
carries a passenger from 3 to 5 miles farther. The 15-
cent Hmit approximately coincides with the 16-mile
circle, giving a maximum ride at about 1 cent per mile,
this, however, representing an average of 2 cents per
mile for the two outside zones as compared with one-
half cent for the inner zone. The electric lines outside
of the inner 5-cent fare limit in some cases are operated
in connection with the city surface railways, and in
others with the city elevated system.

Priladelphia fares——In Philadelphia practically all
of the street railways within the city limits are oper-
ated by one company at the 5-cent rate, and the same
is true with respect to the adjacent portion of New
Jersey. The 5-cent zone extends approximately 5
miles to the west of the city hall and 10 miles to the
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north, giving a maximum ride from the center at the
rate of 1 cent per mile westwardly and one-half cent
northwardly. Outside of the 5-cent limit, with few
exceptions, the suburban trolley systems are inde-
pendent. The second 5-cent zone, making a 10-cent
fare limit from the city hall, extends from. 8 to 11 miles
from the center on the west, from 12 to 14 miles on
the north, and in New Jersey (exclusive of ferry fare)
from 6 to 8 miles out. The 15-cent fare limit on the
west extends from 10 to 13 miles from the city hall,
and on the north practically coincides with the 16-mile
circle, while in New Jersey it extends from 8 to 14 miles
from the center. The 20-cent limit on the west
varies from 13 to 16 miles, and in New Jersey extends
from 10 miles out to the 16-mile circle, although in
places this circle overlaps the 25-cent limit both to the
west and in New Jersey. Consequently, maximum
fares within the 16-mile circle vary from 15 to 25
cents, or approximately from 1 to 14 cents per mile.

Boston fares—The electric transportation system of
Boston has been developed along somewhat different
lines from those followed in the other cities, in that
the subway and elevated lines are operated jointly
with and as an integral part of the surface system.
The rapid-transit lines transport by wholesale passen-
gers from the center of the city to transfer distribution
points in the near-by suburbs. There free transfer is
made to the surface lines in terminal stations without
the use of tickets. It is consequently impracticable

- for statistical purposes to separate the rapid-transit
and surface systems of Boston. The electric trans-
portation business is principally conducted by two
systems, one in the central portion of the metropolitan
area, the other in the suburbs. There are also one
other considerable suburban system and two inter-
urban lines.

The 5-cent fare limit extends about 5 to 9 miles from
the center of the city, giving an average rate of 0.7
cent per mile for these maximum distances. The
10-cent limit extends from about 8% to nearly 14 miles
from the center, producing an average rate of about
0.9 cent per mile for these total distances. The 15-
cent limit extends from about 13 to 16 miles from the
center, producing an average rate of about 1 cent per
mile for the total distance.

The 10-cent limit of the electric roads practically
marks the limit of the daily travel, which corresponds
with the commutation travel of the steam roads.
Beyond this 10-cent limit, nearly all of the regular
traffic is handled by the steam railroads. This limita-
tion of the area of electric travel is due to the lack of a
real rapid-transit system extending any great distance
from the center of the city, the time taken by the
surface cars being too great to attract the regular
traffic.

In all four cities the central business and residential
districts constitute a zone of 5-cent cash fares.

Trans- -
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fers are practically universal, although in Philadelphia
3 cents is charged for exchange tickets (a form of
transfer), and in Boston the same charge is made for
transfer to the lines of an independent system. Upon
some of the suburban lines around Boston a 6 cent fare
is charged. .

Fare limits of elevated and subway lines—In these
metropolitan cities, upon the street surfaces of the
business districts becoming overcrowded, and with the
extension of the residential areas, rapid-transit lines
of elevated or subway railroads have been established,
these usually being comprised within the limits of the
central 5-cent fare zone of the surface railways.

" In New York City the 5-cent fare limit of the ele-
vated and subway system of Manhattan and The
Bronx, under municipal ownership and private opera-
tion, has been extended to the north for a space of
approximately 4 miles beyond the 5-cent limit of the
surface system. This system has also been extended
into Brooklyn so as to form a 5-cent fare limit en-
croaching upon the 5-cent fare zone of the Brooklyn
surface system. The rapid-transit lines in Brooklyn,
under the same ownership as the Brooklyn surface
system, have approximately the same 5-cent fare
limits and charge a second 5-cent fare to Coney Island.

To the north the rapid-transit limit gives a ride of
about 14 miles from the center, or slightly more than
one-third cent per mile, while in Brooklyn the 5-cent
rapid-transit limit extends about 8 miles, giving a rate
for the maximum ride of about 0.6 cent per mile.

To the west the Hudson Tunnel System charges a
6-cent rate for a distance of about 3 miles, equivalent
to about 2 cents per mile. As extended to Newark,
the fare on this line is 17 cents for about 9 miles, or
approximately 2 cents per mile. This is probably the
highest rate of fare charged by any rapid-transit sys-
tem in these metropolitan areas, although it is stated
that the total net income barely covers the interest
upon - its bonds, representing the large investment
caused by its expensive submarine-tunnel construc-
tion. Another interesting feature of this operation is
that for the entire distance above ground, in New
Jersey, this line runs its cars over the main-line tracks
of the Pennsylvania Railroad. The 60-trip monthly
commutation charge to Newark is at the average rate
of 1.06 cents per mile.

In Chicago upon the rapid-transit elevated system
the 5-cent rate obtains to the terminals of all lines, or
to the city limits. This 5-cent rate on the south
extends for a distance of about 8 miles, and on the
west and north for about 9 miles, giving an average
rate for the maximum distance of about 0.6 cent per
mile. Where this rapid-transit line extends beyond
the city limits to the north, the 10-cent fare limit
extends about 13 miles from the center, making the
cost of the maximum ride about three-fourths cent per
mile. To the west an interurban electric line connects
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with the elevated line, charging three 5-cent fares for
the 6 miles to the 16-mile circle, approximately 2%
cents per mile. :

In Philadelphia the rapid-transit system comprises
only 7% miles of a subway and elevated line running
east and west and extending approximately 5 miles
westwardly from the center, so that the maximum
ride from the center is at the rate of about 1 cent per
mile.

In Boston the rapid-transit and surface systems are
operated jointly. Radiating from the center is a com-
bined elevated and subway line extending to the north
about 2% miles to Charlestown and about 5 miles to
Forest Hills on the south. There is also a combined
tunnel and bridge line to Cambridge.

Conditions of passenger trafic—The report of the
committee on passenger traffic at the 1913 convention
of the American Electric Railway Association reveals
a number of aspects of the problem not usually con-
sidered in a discussion of rates and fares. Such a
question, for instance, is that of varying the hours
of factory closing so as to prevent the congestion of
traffic due to the closing of all the factories at the
same hour, with a resultant enormous “peak’” load.
In Rochester, N. Y., it is stated that the various
manufacturing companies are cooperating with the
railway company with the best results to both. In

. Kansas City, Mo., the largest industries are stock-
yards and packing houses, employing about 35,000
persons, and in this case the rush-hour problem and
peak load are somewhat lessened by the fact that these
are served by from three to six lines, on which extra
cars are put in operation at closing hours. The lines
conducted a trial, however, with Montgomery, Ward
& Co., employing from 2,000 to 2,500 people, in fur-
nishing cars for employees of that company at the
various hours of closing. The company agreed to
make the hours of closing 5.50, 5.55, and 6 p. m.,
dividing the force into three practically equal parts.
Later the time was changed to 5.10, 5.15, and 5.20
p- m. Extra service was placed on the lines by the
railway company to meet theso conditions, and the
result was most pleasing to the employees and manage-
ments of the companies concerned. In answer to
the question whether such a plan was feasible or
possible, the majority of the companies replied that
it was not, and especially as applied to their local
conditions. This feeling was stronger among the
interurban and smaller companies than with the
companies serving populations of 100,000 or more,
quite a number of which thought such a plan would
be of benefit, although no efforts had been made in
that direction.

The recommendation of the committee in regard
to another important point was that passengers
should be permitted to ride in the front vestibules of
closed cars. The main objection to such a rule is
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found to be the risk of accident due to distraction of
the motorman’s attention. This risk has been greatly
minimized by the use of steel cars, stronger under-
framing and body structure, and “ahticlimbers,” and
by the standardization of types and heights of plat- .
forms. Inconnection with this question should bemen-
tioned the difficulty of enforcing at all times the order
prohibiting riding on the front platform. In 1909
the Pennsylvania state railroad commission drafted
a rule against permitting passengers to ride on the
front platforms of cars. In the early part of 1910
the Philadelphia Rapid Transit Co. stated that
during the afternoon rush hour it was impossible
to enforce the order without employment of physical
force, and that it would require the assistance of the
police to remove passengers in this manner. In Sep-
tember, 1912, the Chicago City Railway issued a
folder stating that on near-side cars passengers were
not permitted to remain upon the platform, but from
investigations it was found that this rule could not be
or is not adhered to during the rush-hour travel, plat-
forms being filled to capacity at such times.

On the other hand, many companies are realizing
the value of this space for passengers, as well as the
use of passengers as witnesses to accidents. During
1910 the prepayment cars of the Metropolitan Street
Railway Co., New York, and the Third Avenue Rail-
road were provided with folding seats on platforms
in order to secure as much seating capacity as possible.
The latest Pittsburgh cars at that time had no front
platforms. The new near-side cars in use in Chicago,
Buffalo, and Philadelphia would tend to show that
the ancient prejudice against having passengers on
the front platform is being overcome. This is also
true of the type of cars now being placed in use on the
New York Railways, Pittsburgh Railways, Brooklyn
Rapid Transit, and United Railroads of San Francisco,
of the vestibuleless type in Kansas City, where the
seating capacity has been increased 10 per cent, and
of cars in use by various other companies.

The following figures are given by the claim depart-

. ment of a large urban system in regard to the number

of passengers injured while riding in front vestibules
of cars in collision accidents during the months of
October, November, and December, 1912:

Number of | Passengers

MONTH., collisions. | injured.
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=3
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This same company reported that a very large per-
centage of the witness statements of passengers in front
vestibules are favorable to the company, and that
the information obtained therefrom is most valuable.
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It is found that the question of free transportation
is governed quite largely either by franchises or by
state laws, and these have recognized to a large extent
local conditions in cities and in states. Information
was requested from 217 companies and replies re-
ceived from nearly all. Of the total number, 177 com-
panies issue transportation to all employees and 38
companies issue transportation to a portion of their
employees. Free transportation issued by the larger
companies is limited in a majority of cases to train-
men, officers, and operating officials. It appears to be
the general policy of the smaller companies to issue
transportation in some form to all employees, and to be
the general practice to allow the use of a badge or
uniform for the transportation of trainmen. Other
employees are furnished with tickets, card passes,
coupon books, or limited-trip books.

In regard to transportation furnished employees’
families, 104 companies reported that they supplied
transportation to families of certain employees, while
106 companies reported that they did not issue such
transportation. A large percentage of the companies
replying in the affirmative are interurban. Out of 30
of the largest companies from which information was
received, 25 do not issue transportation to employees’
families; 4 issue transportation to employees’ families;
and 1 company reported, issuing transportation to em-
ployees’ families on interurban lines and no transpor-
tation to employees’ families on city lines. The general
form of this transportation is in trip passes or a
limited number of coupons, and in a number of cases
such transportation is issued only on request.

Out of 217 companies making replies to the question
as to free transportation to outside persons, 60 com-
panies issue transportation to police, 48 to firemen, 45
to public officials, 28 to employees of other roads, 20
to charity, 17 to the press, 8 to mail carriers, and 14
to miscellaneous recipients, and 18 companies issue no
free transportation to nonemployees. A decided ten-
dency is noted toward discontinuance of all such free
transportation. It seems to be the general custom to
allow free transportation of police and firemen, either
in full uniform or upon presentation of badge.

In the majority of cases a reduction on the round-
trip fare is allowed on electric railways. Several years
"ago the steam roads allowed apparently the same
reduction as is now given by most electric lines. The
steam roads have, however, recognized the necessity
for increased rates of fare, and as the revocation of this
reduction furnished one of the easiest means of increas-
ing their earnings, such action was taken; and it has
been proved, so far as they are concerned, that it is
not necessary to make this reduction in order to
stimulate traffic.

It has been found that the one great objection to
doing away with this reduction is that without it there
would not be any inducement to purchase tickets and,
as a result, an additional temptation would be placed
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in the way of the conductor on account of a greater
amount of cash passing through his hands. This is
no doubt true, but it has been proved, in several cases
that a dishonest conductor can manipulate tickets
almost as easily as by the straight “knockdown” of
cash.

There seemed to be a general movement on foot
among the various member companies to do away with
the reduction on round-trip fares. .There have been
several changes of this kind made within the past few
years, and it is reported by these companies that a
very material increase in earnings has been shown,
the argument being put forth by them that in con-
sideration of the frequent and convenient service fur-
nished by the interurban lines, it is not necessary to
offer an additional inducement in the way of a reduc-
tion of fares. ‘

Most roads, it is found, do not make any reduction
on one-way tickets. In other words, most roads are
charging the maximum 2 cents per mile cash fare for
one-way trips, making no reduction when tickets are
purchased. Reductions are given in most cases on
commutation tickets and mileage books. This practice
is quite general, and, indeed, is almost universal where
roads charge 2 cents per mile. There are a few roads
charging less than 2 cents per mile which do not give
any reduction. However, in almost all cases where an
excess cash fare is charged over the one-way ticket fare, -
the tickets sold represent about 90 per cent of the
total one-way fares. '

Prepayment fare operation.—At the meeting of the
New York State Electric Railway Association in 1913,
reference was made to the.results obtained in fare
collection by the prepayment method, or ““ pay-as-you-
enter” plan. A notable demonstration of its value
was made by the introduction of prepayment cars
on the Fifty-ninth Street line of the Third Avenue
Railway, New York. The change from the ordinary
nonprepayment car, made overnight, resulted in a
revenue increase of 94 per cent, notwithstanding the
fact that the car mileage was reduced 4% per cemt.
The annual report of the Chicago Railways Co. for the
year ended January 31, 1912, showed an increase in
gross receipts of 63 per cent during the preceding four
years. There are some 1,500 pay-as-you-enter cars
in that company’s service, and while this increase in
receipts can partly be accounted for through the nor-
mal growth of Chicago, and of the railway’s business,
a considerable margin must be attributed to improve-
ment in fare collection. The fare box has been exten-
sively introduced as an adjunct to prepayment opera-
tion. The value of this apparatus is contained in its
moral influence on the conductor, and when it fails
mechanically its influence and many nickels are lost at
the same time. The remarkable development of the
fare box indicates that mechanical failures are few and
general cost of upkeep is becoming very low. On the
Third Avenue Railway, New York City, for instance,
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two men suffice to maintain in mechanical efficiency
about 550 boxes.

An interesting method or system of fare-box col-
lection has been in use on the lines of the Rhode
Island Co. in Providence for six or seven years, nearly
1,000 boxes being now in service. The register is
carried by the conductor. It weighs but 21 ounces,
and is a small nickel-plated box having a coin slot on
one side, through which the passenger inserts the
nickel, the coin being drawn into the device by the
mechanism of the register as soon as its edge touches
-certain levers within the slot, whereupon the fare is
registered automatically. The coin passes entirely
through the register immediately after it enters the
receiving slot, ringing a bell in the register as it is
recorded, and is delivered into an open receiving com-
partment at the bottom of the device, thus becoming
available for making change. When the coin has
once entered the slot it can not be withdrawn but
must pass through the register into the receptacle
beneath. The entrance to the passage is automati-
cally closed by the descent of the coin, and no addi-

tional coin can be inserted until the resetting of the |

opening by the conductor.

The equipments carry two totalizing registration
counters, one for nickels and one for dimes, and in the
latest type of register an additional counter is pro-
vided for metal tickets. It is not intended, however,
that the public should pay fares in dimes, and while
the dime-registration apparatus is built to withstand
the same hard service as that imposed upon the nickel-
recording mechanism, the rules of the company require
nickel payments alone. Signs carrying instructions
for passengers as well as a request for them to have
nickels ready for payments are posted in all of the
Providence cars. It is, however, possible for the con-
ductor to make change and to use both hands in so
-doing, since the register is provided with a ring through
which the conductor passes his middle finger, and
when both hands are required the register is allowed
to turn upon the finger and drop after the manner of
the ordindry transfer punch.

With this system the conductor has nothing to do
with the registration and does not handle the money
until after it is registered. While the passenger and
the conductor appear to be alone in this exchange of
money for service, the company is actually present
interposing the register between them. The regis-
tration mechanism is sealed at the factory, and traffic
Tecords are obtained by subtracting successive read-
ings. On the lines of the Rhode Island Co. and else-
‘where, experience with this system shows, it is said,
that at least 90 per cent of fares formerly lost to the
company are saved by its use. '

The register is in no sense a money container. It
operates in full view of the conductor and the pas-
senger, can be held in any position or at any angle best
suited to the passenger’s convenience or to the con-
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ditions prevailing in the car, and accommodates in its
lower receptacle eight or ten fares, or at least as many
as a conductor would ever accumulate with his out-
stretched hand before examining and pocketing them.
The registration has a total capacity of 99,999 nickel
readings. .

The conductor stands behind the railing in the plat-
form vestibule, and the portable character and small
size of the register are important points in the facility
with which traffic can be handled. The space taken
up is negligible, and in case the conductor is obliged to
make change for one or more passengers in an entering
line he can save time by presenting the register to
others in the line without waiting for all to pass a pre-
determined point. Actual counts show that 80 pas-
sengers have been loaded and their fares all taken in
two minutes on a single car making a stop in front of
a large factory at closing time. In some cases individ-
ual registers handle as many as 3,000 fares per day.

Apart from the accuracy of the system and its
removal of temptation from the conductor, it saves

- the conductor time otherwise consumed in manipulat-

ing the register cord or bar, and also obviates the
false registration of fares by passengers who mistake
the register cord for the bell cord. On the older cars
of the Rhode Island Co. the conductor makes the
usual personal collection from passengers on the inside,
and the use of the portable register has been found a
convenience to the public through its avoidance of
jerky attempts on the part of short conductors to
reach the ordinary register cord. The collection of
fares by this method on crowded open cars has been
very successful. No new printed reports of any kind
were required in Providence on account of the adop-
tion of this system. Conductors use the same trip
sheets as before. Registers are leased by the maker
on terms which cover inspection and repairs. It has
been found that in the extremely few cases where a
register has been stolen the conductor has found the
theft so great a burden that the register has been
anonymously returned.

In the report of the committee of the American
Electric Railway Association on fares and transfers,
presented at the meeting in October, 1913, some in-
teresting data were given as to fare boxes. Replies to
inquiries were received from 63 companies. Of these,
31 reported gross receipts annually of less than
$1,000,000, the remainder having receipts greater than -
that amount. The use of prepayment cars was re-
ported by 60 per cent of the smaller companies and
80 per cent of the larger ones, a total of 45, or 71 per
cent of the whole number. The practice of the 45 com-
panies operating prepayment cars was shown by the
replies to be about equally divided as to the use or
nonuse of fare boxes. A further equal division was

‘found with respect to the locked and the nonlocked

box, the former being the type which renders fares
inaccessible to the conductor; and the same condition
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was found in regard to the use of fare-box registers.
Four companies using a nonregistering locked box used
a fare register on the car, and six companies did not
use such a register under such conditions. Nine com-
panies used fare registers besides registering fare
boxes, and two did not.

The reasons given for use of fare boxes of the various
types are as follows: Eight companies favor the regis-
tering nonlocked fare box because the change is avail-
able for the conductor, and four give other reasons.
Two companies are using both types of boxes, but
each. prefers the registering fare box because it delivers
money to conductors and gives them available change.
Seven companies favor the locked fare box mainly
on account of its cheapness and simplicity. One
company was experimenting with both types, and
one with a registering nonlocked box. Most of the
locked nonregistering fare boxes receive any coin;
three take cents, nickels, and dimes; and one, nickels,
dimes, and quarters. Twelve of the registering non-
locked boxes take cents, nickels, and dimes; two take
nickels and dimes only.

As to transfers, it was found by the committee tha,t
the magority of the smaller companies, such as issued
less than 60,000 transfers daily, did not issue transfers
on, transfers, but that the larger companies did so,
though in the majority of cases the retransfer privilege
was limited. The majority of the smaller companies
registered transfers, although the reverse was the case
with the larger ones. A separate or double register
was used in most cases for this purpose.

Most of the companies which followed the practice
of registering transfers reported more or less effort to
verify collections with register readings, and discipline
for failure to 1eglste1 transfers in the same manner as
in the case of failure to register fares. The general
consensus seemed to be that it was impracticable to
do more than, check, in a general way, the number of
transfers issued, destroyed, or given away, particularly
when a large number of transfers was involved.

A difference of policy was observed in checking trans-
fers to determine whether they had been properly
honored by the conductor. Certain of the roads re-
ceiving but a few thousand transfers daily checked
them out with care as to date, time, direction, etc.,
while some roads receiving less than a thousand trans-
fers a day either made no check at all or made it at
infrequent intervals only.

About half of the companies reported that a con-
ductor who had improperly honored transfers was
called before the superintendent or his representative.
Two companies gave demerits in such cases. Several
reported that men were cautioned and subsequently
disciplined for repetition of the offense, while 12 com-
panies charged the conductor for each irregularity.

The percentage of transfers given to conductors and
not issued varied between the approximate limits of
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15 per cent and 50 per cent, although in some cases
this percentage was reported to be actually nothing.
The proportion of issued transfers which were finally
collected varied between the approximate limits of 75
per cent and 95 per cent, deoreasmcr on the laa'ger
roads.

From the replies received the committee was of the
opinion, that the transfer which provides for the
indication of the month and day by punch and notch
marks is well adapted for use on those lines where the
number of transfers honored daily is relatively small.
The transfers which are stamped or printed with a
figure to indicate the day of the month are somewhat
more subject to waste. The transfers which are
perforated by a machine before being given to a con-
ductor are not quite as economical as either of the
other two types of transfers, but obviously involve
less waste than those which bear the printed day and
month and are only good for one particular day.
The dated transfer which may be used only on one day
involves more waste than any of the preceding types
of transfers mentioned, and as it involves the use of
more than one standard form of transfer, it opens the
way to additional abuse; but there may be certain
local conditions which oﬁset these undesirable features.
The coupon, transfer is expensive, but it appears to
possess marked advantages in cases where a passenger
is permitted to transfer more than once.

The discussions that took place at the convention.
revealed an absence of unanimity in regard to these
important matters, indicative of the difficulty of
reaching any standard practice. For example, Mr,
W. F. Ham, Washington (D. C.) Railway & Electric
Co., said that his company was probably ome of
the few that had not experimented extensively in
the use of fare boxes. That, however, should not
be taken as a condemnation of the use of fare hoxes,
but simply as & statement that in the city of Washington,
the fare box did not seem to be of value, because of
the fact that about 80 or 85 per cent of the business
was done on tickets, leaving only about 15 per cent
on a cash basis. So far as his experience had gone, the
company felt that it could do better without the use of
the fare box. To show, however, how different people
reached different conclusions, Mr. Ham said that at
about the same time that his company did away with
the fare box the Capital Traction Co., operating in
the same city, adopted it, and had practically the
same conditions to contend with. Hence there was
no upanimity of opinion in Washington. as to whether
fare boxes were good or bad. According to his experi-
ence they did not give good results, and while he
thought that his company did not have the best kind
of a fare box, still there was nothing in it that looked
particularly attractive and it was decided to give up
the use of the device. His company had used both
registering and nonregistering boxes.
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